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PREFACE

In Augnst of 1991 Hurricane Bob inflicied extensive flood damage along the coastlizes of Rhode Island
and southern Massachuseus, contributing 10 the destruction of or substantial damage to 75 to 90 percenmt
of the homes on barrier beaches. Later in October of the same year a por’easter bantered the Atantic:
coastine with unexpectedly destructive flooding. Widespread flooding occurred in Texas when rivers
- overflowed their banks from heavy rains brought on by the "El Nino" warming in Pacific waters, o
~ phenomenon which recurs every three to five years, ' s

These three events in a single year underscore that construction of buildings to reduce hazards in flood-

prone regions of the United States is an essential part of the national strategy to minimize the impact of

natural disasters. Commercial, industrial and residential structures that have been constructed 1o

adequately resist flood hazards according to technical guidelines and standards of the National Ficod
Insurance Program (NFIP) have fared best in ficods. '

The Federal Emergency Management Agency (FEMA), which prepares and distributes the NFIP technical
guidelines and standards for reduction of flood hazards, has recognized that flood hazard reduction
standards can be more widely implemented in flood-prone communities by their incorporation into the
model building codes and standards which are adopted by the states and enforced op 2 regular basis by
local building deparonents. :

This study represents a major step toward eliminating the incompatibilities batween the NFIP technical
guidelines and standards and the model codes and standards. The report's recommendations provide a
basis for coordinating NFIP documents with model codes and standards. In addition the FEPOIt Tepresents
a starting point for the preparation of standard design guidelines, and evenrually, & consensus standard for
Nlood-resistant construction which can be referenced in the modsl building codes.

The Natjonal Institute of Building Sciences appreciates the opportunity to assist thé Federal Emergency
Management Agency in improving the levels of compatability between the NFIP guidelines and technical
standards and the model building codes and standards. The Institute wishes to thank the members of the
Flood Standards Project Committee for their insights and efforts in developing this document, especially
G. Day Ding, the project committee chairman and Earl Flanagan, the vice-chairman, The Institate also
wishes to commend the efforts of the subcontractors, the Building Officials and Code Administrators,
International {BOCA), the Southern Building Code Congress International (SBCCI), the International
Conference of Building Officials (ICBO), the National Fire Protection Assaciation (NFPAJ, and the
National Conference of States on Building Codas and Standards (NCSBCS), which contributed to report
drafts for the project commitiee's review. The project comminee members and subcontractors are listed
in the appendix of the report. '

The Institute accepts the recommendations of the Fiood Standards Project Committes and approves their
dissemination to the Federal Emergency Management Agency for implementation and to the public.

wx’-%ﬁ ' - W

Robent C. Gibson, P.E. _ David A. Harry Ala
Chairman of the Board , President
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ABSTRACT

This study evaluates the compatibility of flood loss reduction standards of the National Flood Insurancs
Program (NFIP) with the construction standards for seismic, fire, and wind hazards that now appear in .
nationally recognized model building codes and standards and identifies those that are in contlict,
Changes to the NFIP standards and technical guidelines and code change language for model codes and
standards are recommended to resolve identified incompatibilities.

Keywords: codes, floods, guidalines, 'mgulatiuns, standards
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INTRODUCTION

The purpose of this study is to evaluate the compatibility of flood loss reduction standards of the National
Flood Insurance Program (NFIP) with the construction standards for earthquake, fire, and wind hazards
that now appear in the nation’s model building codes and standards, and identify any that are in potential
conflict and recommend possible solutions. _ -

This study was performed by a project committee of volunteers from the public and private sectors of the
~ building community, operating in accordance with NIBS® consensus procedures. The final report was
prepared according to NIBS guidelines for preparing reports. During the course of the project the
‘committee oversaw the preparation of comparisons between the NFIP flood resistant design standards in
44 CFR 59 and 60, and sixteen related technical guidance documents and twenty-three mode] code and
standard documents. Based on these comparisons incompatibilities were identified and recommendations
written to address those incompatibilities. The project committee was supported in its work by five model
¢odes and standards organizations: the Building Officials and Code Administrators, International (BOCA),
the Southern Building Code Congress International (SBCCI), the International Conference of Building .
Officials (ICBO), the National Fire Protection Association (NFPA), and the National Conference of States
on Building Codes and Standards {(NCSBCS). A list of project participants is provided in Appendix 1 of
the report.

Chapter 1 of this report provides background on the NFIP flood program, and the FEMA documents and
the model codes and standards utilized in the study. A description of previous and fure FEMA efforts
for promoting compatibility between the FEMA documents and the mode] codes and standards is also
provided. '

Chapter 2 lists 23 model code/standards and 22 FEMA/NFIP publications reviewed for this study.
Although this chapter lists 22 NFIP documents, one of the technical guidance documents (FEMA-15) ang
two of the technical bulletins (86-1 and 90-1) were not used in the comparisons for reasons cited in
Appendix 1. Interpretative comrespondence was reviewed only to clarify aspects of NFIP documents in
the project. The model codes and standards are organized under six major code group headings: the
BOCA National Codes, the Standard Codes, the Uniform Codes, the NFPA Standards, the Manufactured
Housing Codes and Standards, and the CABO 1 & 2 Family Dwelling Code.

In Chapter 3 of the report is an overview summary of the major issues underlying incompatibilities
identified in the evaluation of FEMA documents and the model codes and standards. This evaluation
consists of comparisons of Federal Emergency Management Agency (FEMA) documents with the BOCA
National codes, the Standard codes, the Uniform codes, the NFPA standards, the manufactured housing
codes and standards, and the CABO 1 & 2 Family Dwelling Code. These comparisons are found in
Appendices A through F of this report. Issues in the chapter are categorized by the code proups described
above. For each comparison issues concerning the model codes and standards are listed first followed by
issues for the FEMA documents. . _ L

Chapter 4 contains the recommendations for changes to NFIP stanidards and technical guidelines. The
chapter is organized into six sections, 4A through 4F, by the same majer groups of model codes and
standards found in Chapters 2 and 3. Recommendations in each section are organized by the model codes
and standards as fisted in Chapter 2 under each major code heading. - The name of the particular code or
standard on which each recommendation is based (even if the issue in the recommendation is not directly
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addressed in the document), is found on the right-hand side of the page above the text describing the
recommendation. The corresponding NFIP documents which were compared with the model code or
standard in the development of the recommendation are listed on the left-hand side of the page. Below
each recommendation is a reference to the page and paragraph in the compansons found in Appendices
A through F.

Chapter 5 contains code change language for resolvmg meompaubﬂmes between the NFIP standards and
technical guidelines and the model codes and standards. Like Chapter 4, this chapter is also organized
into-six sections, 5A through SF, by the same groups of major model codes and standards found in
Chapters 2 and 3. Recommendations in each section, however, are organized by the NFIP documents as
listed in Chapter 2. The name of the particular NFIP document on which each code language change is
based, is found on the left-hand column on the page above the text describing the code change. Passages
in the model code or standard which are affected by the code change are listed in the center column. The
analysis supporting the code change is in the right-hand column. Each code change entry, including the
referenced documents, the analysis and code changc text has been taken verbatim from the oompansons
in Appendices A through F.

Appendix 1 lists the project comrmttee members and consultants who parumpated in the smdy Append;x
2isa glossary of acronyms found throughout the repon

Appendm Jisa general description of each FEMA. and NFIP publication as they relate: to the overall
codes and standards development process. The considerable data in the publications concerning the NFIP
program, site considerations, classification of flood zones and other areas have not been included in the
summaries. - Instead, only the material utilized in the comparisons is- bneﬂy cited in the NFIP document
summaries.

o Appendix 4 is a general descnpuon of the content of each model code/standard pubhcanon.

Append:x A contmns t.he companson between the fa:mly of BOCA Codes and the NFIP standards and
technical gu:delmes ,

Append:x B contams the companson between the famlly of Standard Codes and the NFIP standards and
techrucal gmdehnes o .

Appendxx C contains the comparison between the fannly of Umform Codes and the NFIP standards and
technical gu.ldelmes ‘ ,

Appendix D coatams the compansun between the NFPA standards and the NFIP standards and technical
gmdehnes

Appendnc E contams the companson between the' manufacnned housmg codes and standards and the NFIP
standards and technical guidelines. ‘

Appendxx F contains the comparison between the CABO 1 & 2 Family Dwellmg Code and the NFIP
standards and techmcal gmdehnes ' _ ‘



CHAPTER 1
BACKGROUND
NFIP Standards and Technical Guidelines

The National Flood Insurance Program (NFIP) was created by Cc-ngress in 1968 to provide federally
backed flood insurance coverage since it was generally unavailable from private insurance companies.
The NFIP was also intended to reduce future flood losses by ensuring that new development is adequately
protected from flood damages, The NFIP is based on a mutual agreement with communities that have
been identified as flood-prone. The Federal Emergency Management Agency (FEMAJ, which is the
agency charged with administering the program, makes flood insurance available throughout & community
provided that the community adopts and enforces adeguate floodplain management regulations that meet
the minimum reguirements of the NFIP.  This is accomplished through a local floodplain management -
Ordinance which must either meet or exceed the minimum NFIP criteria. These minimum criteriz are
located in 44 CFR 60.3 and 60.6, and they establish design performance standards for buildings located
in Special Flood Hazard Areas that specify how a structure should be coanstructed im order 1o reduce or
ehmmate the potcnual for flood damage.

To assist in the application of these requirements by the building community, which includes building

code officials, local building officials, engineers, architects, builders, developers, and the general public,

FEMA has developed technical guidance manuais and informational materials for public distribution.
These materials contain guidelines that specify the use of certain techniques and materials for design and

construction which will meet the inteat of the NFIP general performance criteria for flood damage resistant

construction.  These publications report what is considersd to be standard practice for ﬂond Tesistant

design and construction technigues.

The NFIP technical guidance documents have been written within the previous fifteen years either inhouse
or under FEMA contract with various architects, engineers, and private organizations. As a result, the
NFIP documents vary in approach and level of technical detail. For example, it appears that the Coastal
Construction Manual which emphasizes wood superstructuse was written from an architect’s point of view.
Hmdmo_oﬁng Non-Residential Structures which emphasizes foundation systems appears to have been
written from the vantage point of an engineer. In terms of technical detail different levels of information
are related for the same construction types. For example, some publications give mles of thumb while
others offer structural tables. Finally, referencing between documents tends 1o be broad in scope and
duplicates- information. Chapter 2 lists 22 NFIP documents reviewed in the study, however, three wWere .
not used in the comparisons for reasons cited in Chapter 3. )

Maodel Codes and Standards

The model codes and standards have been developed by conmsensus over @ period of years under the
auspices of the organizations (i.e. CABQ, BOCA, SBCCI, ICBO, NFPA and ANSI) which pmmulgatc the
wntten documents.

The three national model ¢odes are: BOCA National Building Code, which is a product of the Building
Officials and Code Administrators (BOCA), and is generally adopted by eastern and mid-western States;
Standard Building Code, which is a product of the Southern Building Code Congress International
(SBCCI), and is generally adopted by southem States, and; Uniform Building Code, which is a product
of the International Councii of Building Officials (ICBO), and is generally adopted by western States.
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In addition, there is a fourth model butldtng code k:nown as the CABO (Councﬂ of American Building
Officials) One and Two Fatmly Dwelhng Code Tlus model code is used i in various pans of the country
- for remdenual stmcttues S _ .

_ The Nanonal Fu'e Protecuon Assocnauon (N'FPA) Life- Safety Code is adopted in many areas of the _
- country. 'I‘he NFPA Nanonal Electnml Code isa nattonal standard refereueed by each of the thrcc model
codes. B : _

These. documents follow standa.tdtzed formats for content and references and thhm t.he fam.thes of codes |

- (ie. National, Standard and Uniform) the documents reference one another without duplicating
 information. For ‘example, information on mechanical systems is found in cxclus;vely the Standard

Mechanical Code. The Standard Bu:ldmg Code onty addtesses construcuon which comes in contact with
mechanical systems..

The manufactured housmg codes and standards have theu' ong:ns ina Federal pmgram. The HUD
Handbook 4930.3 and. the Manufactured . Housing Construction Safety Standards (MHCSS), are -
promulgated by the Department of Housing and Urban Development. The third, the Manufactured
Housing Installation Manual (MHIM), written by the Manufactured Housing Institute (MHI), is designed

to reference 4930.3 and the MHCSS. These documents contrast in origin with model building codes and " . '

- NFPA documents which are promulgated by consensus based organizations. Such crganizations are part
of the Board for the Coordination of the Model Codes (BCMC) process wtuch has coordmated each of
oodes in many areas in the last ten yeats

The other documents in the manufacttued housmg code companson. ANSI A225. l Appendtx C of the
CABO 1 & 2 Family Dwelling Code, and NFPA 501A, are either part of the families of the model codes
or in the ANSI standard's case is referemd by the model codes A list of the model codes and standards -
referenced in this studyr is found in Chapter 2. '

‘ "NI-'IP Standards and the Model Codes

FEMA has undertaken a mu!uoyea: effort to mcorporate the NFIP flood damage resistant des:gn standards
into the nation’s model hutldmg codes, which are then adopted by either States or local commumnes

Thts effert mvolved the extracnon of spct:lfic building cntena from the NFIP ﬂoodplam management

- requirements. (44 CFR Parts 59 and 60) and revising the language into a code fonnat This language was
~then submitted to the model building code groups as g proposed code change. ‘The code change process

consists of a recommendation for approval or disapproval by a code change panel at an annual code

" change hearing, followed by a vote by eligible model code members at an annual conference. FEMA's

approach to this process. has involved either working directly ‘with the code orgamzauon or closely-
coordmaung wnth State and local ofﬁcxals 10 submtt the code change pmposats

As of ttus date, two modl building code groups have accepted and pubhshed extenswe sections of the
NFIP floodplain management regulauons that pcrtam to bmldmg standards A durd has recently accepted -
ﬂood related language : _ N o _



The BOCA National Building Code has already adopted the majority of the NFIP building regulations into

the main body of its Building Code, as well as in the BOCA Mechanical, Plumbing and Fire Prevention

Codes. The Building Code language is presently located under Section 2101.6. The title of Amicle 21

is Exterior Walls with Section 2101 entitled Performance Requirements, Exterior Walls, There are several

administrative and land use sections of the NFIP regulations that are not covered by the BOCA Code.

Because this language is located in the main body of the Building Code, it is unlikely that they can all
be included.

The Standard Building Code (SBCCI) is the only mode! building code that has adopted all of the NFIP
regulations. This is the result of a series of code changes submitted im 1986 and 1988. This language
is located in a separate standard, the Standard For Floodplain Management (1989 Edition), and is
referenced in the Standard Building Code under Section 1209. The Standard for Floodplain Management
has been reviewed by FEMA Regions IV and VI and they have accepied it as a satisfactory alternative
to their model ordinances. This is possible because this language is located in a separate Smdard,
dlthough as a separate, it must be purchased and adopted independently. '

The Uniform Building Code (ICBO) recently added flood resistant design standards in an appendix
chapter. The language is similar to that of the BOCA Code in that it only covers the construction related
requirements of the NFIP. The code language was submitted by the ICBO's High Wind/Hurricane
Committee, and was based on a 1988 code proposal that was submitted by the State of California,
Depantment of Water Resources and FEMA. '

The purpose for FEMA involvement with the model building codes is that with the NFIP design
requirements in the building codes, they have become more accessible, more credible, and easier to use
and enforce by the building community. The same kind of involvement has not yet occurred with the
organizations promulgating the NFPA standards and the manufactured housing codes and standards.

Future Directions

The nation’s floodplains continue to be the site of significant amounts of new constnuction as well as the
rehabilitation of existing buildings. In order for the NFIP to accomplish its goal of reducing the nation’s
flood tosses, FEMA must encourage building practices that minimize flood damage to buildings located
in flood-prone areas. At the same time, FEMA must ensure that there wiil not be any negative impact
from these flood resistant design standards on the model building codes and the standards that they use
to protect souctures from other types of natral and mag- made hazards.

Future efforts by FEMA to work with the model code groups is evolving. FEMA will continue to work
with individual model code groups to place as much of the NFIP floodplain management standards as
possible into the model building codes. A possible future initiative is the development of a consensus
standard through a nationally recognized standards organization. The advantages to this action are that
& national consensus standard is more credible and the same code language would then exist nationwide.

FEMA has proposed that the American Society of Civil Engineers form a Flood Damage Resistant Design
Standards Committee. One of the purposes of the committee will be the development of design standard
guidelines for flood resistant construction through a consensus process. This will be an initial step leading
to the development of consensus standards. FEMA also intends to interact with the Department of
Housing and Urban Development 1o coordinate HUD documents with flood resistant standards and
technical guidelines.



~ CHAPTER 2
LIST OF STUDY CODES AND STANDARDS

‘The FEMA and NFTP flood resistant design standards and techmical guideﬁm Hstedlin this report include:

1. National Flood Insurance Program Regulauons for Floodplain Management and Flood
Hazard Identification
{44 CFR 59.1, 60.3 and 60.6)
Coastal Construction Manual (FEMA-55)
Elevated Residential Structures (FEMA-54)
Retrofitting Flood Prone Residential Structures
(FEMA-114)
Fioodproofing Non-Residental Structures (FEMA-102) _
Manufacmred Home Installation in Flood Hazard Areas (FEMA-85)
Alluvial Fans: Hazards and Management (FEMA-165)
Design Guidelines for Flood Damage Reduction (FEMA-15)
Manual for the Construction of Residential Basements in Non-Coastal Flood Environs
0.  Technical Standards Bulletins:
Wet Floodproofing, No. 85-1
Foundaton Wall Openings, No. 85-2
Breakaway Walls, No. 85-3
Hurricane Damage Patterns: A Focus on Pile
. Foundations, No. 86-1
Wind Design Standards and the NFIP, No. 88-1
Flood Resistant Materials, No. §8-2
Free of Obstruction Requirement in Coastal High
Hazard Areas, No. 88-3
Protection of Elevator Equipment in Flood Hazard
Areas, No. 88-4
NFIP Pile or Column Requirement in Coastal High
Hazard Areas, No. 90-1
NFIP Requirements for Below Grade Parking Garages i in
Flood Hazard Areas, Mo, 90-2
Non-Residential Floodproofing Cestification
Requirements of the National Flood Insamoe '
Program, No. 90-3
Instaflation of Manufactured Homes in Special Flood
Hazard Areas, No. 904
11. Imerpretative correspondence.
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Model codcs and standards which contain provisions for seismic, fire, and wmd hazards inciude:
National Codes (BOCA)

1990 BOCA National Building Code
1990 BOCA National Fire Prevention Code
1990 BOCA Naional Mechanical Code
1990 BOCA National Plumbing Code -

1990 BOCA Property Maintenance Code

el ol A .

Standard Codes (SBCCI):

1991 Standard Building Code - -
1989 Standard for Flood Plain Management
1991 Standard Mechamcal Code o
1991 Standard Gas Code '

0.. 1991 Standard Plumhmg Codc

=0 00 N O

Uniform Codes (ICBD)

‘1L 1991 Uniform Building Code
~ 12, 1991 Uniform Mechanical Code
13. 1991 Uniform Plumbing Code

NFPA Standards;

14. NFPA 101 - 1991 Life Safety Code

15. NFPA 70 - 1990 National Electrical Code -
16. NFPA 54 - 1988 National Fuel Gas Code o _
17. NFPA 58-- 1989 Standard for the Storage and Handlmg of qumﬁed Petroleum Gases

Manufactured Housing Codes and Standards:

18. ANSI A225.1-87, Mamufactured Home Installations

19. HUD Manufactured Home Construction and Safety
Standards, Part 3280 wim'interpretative' o
bulletins

20. Permanent Foundations Guxde for Manufactured
Housing, 4930.3

21. - Model Manufactured Home Instaflation Manual

22. NFPA 501A - 1987 Standard for Firesafety Criteria-
for Manufacrure Home Installations, Sites
and Communities

CABO 1 & 2 Family Dwellmg Code

23, 1989 CABO One and Two Famﬂy ch]]mg Code with 1990/1991 amendments



. CHAPTER 3

SUMMARY OF ISSUES

An Over'_view of Issues

From a survey of the comparisons of NFIP standards and technical guidelines with the seismie, wind and
fire safery provisions in the mode] codes and standards, it is apparent that ‘issues leading to
recommendations for changes to each of the mode) codes and standards vary with each code, while issues
for the NFIP documents cluster into several recognizable themes.

In the comparison between the FEMA documents and the BOCA National Building Code, BOCA raised
issues for its code that concern the means and methods of construction. Issues identified by SBCCI for
the Standard Building Code reflect concerns with mechanical, electrical and plumbing systems. As with
BOCA’s comparison, issues identified for the Uniform Building Code center around construction means
and methods. Both comparisons address corrosion of masonry, design of anchors, and design loads for
breakaway walls. The NFPA comparison raised no issues in regard to amending its own codes. The
comparison with manufactured housing codes and standards identified issues similar to the model code
issues including the need to reference NFIP documents, utility protection, provisions for floodwalls and
anchorage design criteria. The CABO 1 & 2 Family Dwelling comparison raised issues regarding the
equalization of hydrostatic forces, and corrosion protection.

For FEMA documents the Tist of issues raised is considerably lunger and displays ten themes which three
or more code comparisons identified. Although each comparison presents these issues in differem ways
and suggests varying courses of action; ﬂ'le topic for each can be stated umiformly as follows:

L. Requiring a geotechnical report for any | structural eiemem bearing . on soil mcludmg piers
and piles .

2. Coordinating wind loads and wind maps and
' referencing ASCE 7-88

3. Accounting for snow loads in design
4, Accounting for seismic loads in design

5. Supplying appropriate design values for various types of construction including wood
constructon, foof to wall connections, and floor beams to pile connections

6. Alternate means of construction, for example, types of shear walls, or wood post for
pilings

7. Defining anchorage requirements

8. Application -Jf wood preservanves, use of namra]ly durable wood and refezencmg ASTM
standards




9, Load requirements for breakaway walls.

10. ~ Occupancy in basements below the BFE

In addition to these ten, there are numerous other issues concerning the FEMA documents identified in
at least two of the comparisons. This does not necessarily mean they are less important than the ten issues
identified in three or more comparisons. For examplc:

o] Protection of electrical uulmes was cued by both NFPA standards and the Standard
Building Code compansons . .

o Use of registered professionals for design was crted in the BOCA Nanonal Bmidmg Code
and the Uniform Bmldmg Code comparisons.

o Several common issues were defined by the Standard Bmldmg Code and CABO 1&2
Farmly Dwelling Code comparisons mcludmg » :

-

Reqmrements for narhng and sphcmg -

Stud length

Wind criteria for wall shcarhi,ng’

Additio_nal. momcnt in piles produced by knee braces

Wind loads for windows and shurters

A third catcgory includes the issues addressed. by only one code 'group. For example, the: c'ompa:isoo of
manufactured housing codes and. standards addresses FEMA’s use of ground anchors.. Other such issues
are listed separately for each of the code compansons below : , 4 _

National Codes (BOCA)

As stated in the background chapter, the BOCA National Building Code has already adopted the majority
of the NFIP building regulations into the main body of its Building Code as well -as in the BOCA
Mechanical, Plumbing ‘and Fire Prevention Codes. Consequently, the comparison between the National
Building Code and the NFIP standards and technical gmdehnes has resulted in a "check-off" list of final

items to be reconciled.

For the BOCA Nauonal Bmldmg Code tlns hst mcludcs

Desrgn loads for breakaway walls

Use of fill .

Corrosion protection for concrete and masonry
Scour around piles.

Use of exterior plywood in subﬂoonng

Flood water loads : :
Uplift and lateral forces for anchorage _
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Performance of interior wall finishes
Elevator equipment above the BFE

Far the FEMA documents this list includes;

Requiring a geotechnical report for piers
Imponance factor in wind forees

Corrosion protection for concrete and masonry
Use of registered professionals for tall structures
Application of wood preservatives

Wood posts

Roof design tables for sheathing and ponding
Design values for roof to wall connections
Footing design

Snow and wind loads

Reference standards for wood foundations
Including live loads in buoyancy considerations
Impact Ioads '
Structural calculations for reinforced concrete slabs
Occupancy In basements below the BFE

In the above list of issues identified for FEMA documents, corrosion pml:ecnon for concrete and masonry
was the only issue unique to this compa.nson. :

Standard Codes (SBCCI)

According to the background chapter, the Standard Building Code is the only model building code that
has adopted all of the NFIP regulations. However, for its own code, SBCCI recogaized outstanding issues
related to mechanical, electrical and plumbing systems. For FEMA documents the comparison produced
the longest list of suggested changes in relation to the other comparisons. Like the BOCA comparison,
many of the suggested recommendations deal with construction means and methods.

Issues related to the Standard Building Code include:

Referencing FEMA documents for elevation of mechanical equipment and utilities
Referencing the Standard for Floodplain Management for mechanical and gas equipment,
tank, utilities, and elevator equipment mstallanom

Uplift of storage tanks

- Sump and ejector pumps where gmmw dmnage is avaxlable
Air valves below the BFE A
Referencing the Standard for Floodplain Management for plumhmg, sewer and storm dra.m
backflow valves and potable water protection

Issues related to the FEMA documents are:
Twelve foot spacing of concrete piers
Alternate means of construction for shear walls
Anchorage requirements

11



Nailing and splicing requirements .
- Use of naturally durable wood
.-‘Snow and seismic loads
Velocity pressures for tall structures
‘Referencing ASTM standards for wood preservancn
Referencing. ACI standards for masonry and concrete '_
Soils investigations for dcs1gn of plles
Stud length ' s
: Wmdmtenaforwallshcathmg o R
- - Additional moment in piles produced by k:nee braces
‘Wind loads for windows and shutters
‘Reference ASCE 7-88 for wind foads .
Toe-nailing : o
- Considerations for design of wood consuucuon o
Particle board for sheathing
Exposed ductwork '
_ Referencing codes for exhaust mstallauon cleamnces
Referencing codes for utility clearances
Acquiring building permits. '
Deletion of rule of thumb for ﬂoor beams
Clarifying design requirements for fooungs
* Addressing wave impact on utilities - ' .
Providing parameters for substantial nmprovement of a stmcmre
: Occupancy in basemcnts below the BFE =~

'lssucs rclated to both scts of documcnts arc

Manufacmred housmg in ﬂcodways and. coastal hlgh hazard areas . .
Consistency of - critcna for residential and non- residential buildmgs

' The issues rclated to both sets of documcnts are umque to ll'us companson. In thc above list of issues
identified for FEMA documeats, toe-nailing and providing parameters for substantial 1mptovemem of a
structure were thc only issues umque to this companson.
Umform Cods (CBO) - |

As statcd in the background chaptcr thc Umform Buﬂdmg Code recently ackled ﬂood resistant- demgn‘

sta.ndardsmanappendlxchaptcr 'I'helanguage:ssmulartothatofchOCACodcmthamonly covers B

.the construction related requirements of the NFIP.. Dcspltc the similarity of the UBC appendix to the
flood provisions in BOCA, the UBC comparison raises a number of different issues. In addition, the UBC
comparison identifies seven thematic issues which appear repeatedly in its recommendations for changes
10 FEMA documents. The first relates to issues identified by BOCA, the second and third relate to.issues
identified by BOCA, SBCCI and other comparisons. The next three issues are unique to this comparison.
Thc last issue on refcrencmg local codes was echoed by SBCCI, but for d:ffcrent hmlﬂmg componerits.
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ICBO’'s thcmanc issues are;

O

o

G.

For the design of any type 0f structure, or structural member g reglstcred architect or engineer
shouid be utilized. _

Fnr any stuctural element bcanng on soil, the desmgn should be hased ona geotechmcal report
prepared by a scils engineer.

Where the FEMA documents specify 2 certain type of construction, other means of construction
should be allowed as long as‘technical critéria for ﬂaod hazard reducuan is satisfied.

FEMA documents should emphasize that examples of demgn calculations are unl:f examples
Specific mannfactrers products should not be specified in FEMA documems.

Standards referenced in the FEhLi documents should Tepresent the latest eﬁmnn.

- FEMA should reference local codes where apphcable

In addition the comparison raises smgu!ar issues for the both the HBC and the I-"EMA documents. For
the UBC these issues are:

The flood zones where UBC allows elevated stmcnm
Use of a national standard to define a manufactured home
Leakage through windows
Corrosion of masonry and metals

- Protection of gpenings above the BFE

' Wind design velocities for anchors

Design considerations for floodwalls - -
Water penetration criteria for sealants -

- Higher design loads for breakaway walls

For FEMA decuments these issues ase:

Protection of wood
Use of only piles im coastal high hazard zones
tse of wood shear walls
Consideration of lateral loads for all structures
Design tables based on materials, not connections
Loading criteria for fasteners of breakaway walls
Definition of grade should conform to UBC
- 'Water penetration criteria for sealants
Occupancy in basements below the BFE

In regard to breakaway walls, the comparison identifies some significant conflicts between the UBC and
the FEMA documents in regard to use of space below the BFE. According to ICBO, the FEMA
documents should not allow parking without breakaway wall, and allow temporary storage. This and the
following issues for FEMA documents are unigue to the ICBO comparison:
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. Definition of grade should conform to UBC |
Water penetration criteria. for sealants

N'FPA Standards

The NFPA comparison reprtsents poss:bly the first evaluauon of documents written for. protecuon from
~ flood hazards in relation to those written for protection from fire hazards. Because of the focused nature
for the NFPA standards, the number of issues identified in the comparison are less broad in scope than
the comparisons involving model building codes. Issues identified for FEMA documents center around
protection of electrical systems, anchoring and maintenance of tanks, fire ratings for breakaway walls and
waler tight doors and maintenance of interior finishes for different occupancm as deﬁned by the code.
No issues were 1denttﬁed for the NFPA documeants. o '

For electtical systems. msues are as follows:

Suitability for corrosive environmests
Secure fastening of service mounting
- Sealing of underground instaliations against ﬂoodmg
.. Locating switches and circuit breakers for accessibility
- Drainage for electrical systems installed below the BFE
- Grounded and labeled power outlets for pumps and motors

: Manufactured Housmg Codes and Standards

-Like the NFPA standards manufactured housmg codes and standards have probably not been compared
with documents written for protection from flood hazards. - Despite the origin of manufactured housing
codes and standards described in the background chapter, many of the results of this comparison are
similar to the compansons - for the National, Standard, CABO 1&2 Famtly Dwelling, Uniform and NFPA
codes. ‘ _ '

For 4930.3, the MHCSS and the MH]M issues identified in the companson regardmg manufactured
housmg codes and standards are as follows

Addmon of complete ﬂood d&mgn criteria
Addition of provisions for floodwalls

Utility protection :
Addition of option for ﬂoatmg structure .
Referencing FEMA documents where necossary

ForFEthocuments:ssuesare

Clarifying limits of clay soil use
Language on removable chassis
Alternate forms of construction -
Load requirements for breakaway walls
Anchoring requirements

Use of ground anchors

14



Referencing ANSI 58.1
Design stresses due to lateral movement

For both manufactured housing and FEMA documents, issues to reconcile are:

Coordination of wind criteria
Definition of forces for anchorage
Load requirements for open foundations

For ANSI A225.1, Appendix C of the CABC 1 & 2 Family Dwelling Code, and NFPA S01A the issues
identified in the comparison for these codes are as follows.

Flood design criteria for extended wall foundations
Design requirements for anchorage
Referencing FEMA documents

For FEMA documems issues are:
Designing piers per manufacturer's recummendannns
Provision for different concrete pier sizes.
Designing anchors per manufacturer’s remmmendaﬁuns

For both manufacmred housing related mode! codes and sta.ndards and FEMA documents, issues w
reconcile are:

Coordination of wind criteria
Comection of pier footings for scouring
Design loads

Anchoring requirements

Referencing ANSI 58.1

In the above list of issues identified for FEMA documents, the following issues were unique 1o this
comparison:

' Clarifying Iimits of clay soil use
Language on removable chassis

CABO 1 & 2 Family Dwelling Code

This comparison identified two issues related to the CABO1&2 Family Dwelling Code. For FEMA
documents, the list of issues is similar in length and content to the Standard Building Code mmpansnn, :

" The issue related to the CABO 1&2 Family Dwelhng Code is:
'equahzauon of hydrostatm forces

corrosion protection
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Issues relaxed to the FEMA documents are:

Expansion of the definition of manufactured housing of include dimensional parameters
Snow and seismic loads :
Reference ASCE 7-88 for wind ioads
Alternate means of construction for shear walls
Anchorage requirements .
Nailing and spiicing requirements
‘Deletion of rule of thumb for cantilevers
Use of naturally durable wood ‘
~ Velocity pressures for tall structures
Referencing ASTM standards for wood presa'vauon
Referencing ACI standards for masonry and concrete
- Soils investigations for design of piles
Stud length '
Wind criteria for wall sheathing
Additional moment in piles produced by knee braces
Wind loads for windows and shutters
Lateral support for grade beams
Design considerations for truss bracing
Shear walls for pile foundations _
Design considerations for floor beams and piles
‘Particle board for sheathing
Updating wind maps '
Site preparation requirements
vapor barrier reqmrements

In the above list of issues identified for FEMA documents, the followmg issues were unique to this
comparison: :

Expansion of the definition of manufactured housmg of include dimensional parameters
Lateral suppont for grade beams _

Shear walls for pile foundations

Site preparation requirements

vapor barrier requirements
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CHAPTER 4

' RECOMMENDED CHANGES TO FEMA DOCUMENTS
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Recommended Changes to FEMA Documents Based on the BOCA National Codes

i NFIP 44 CFR 59.1 (Elevated buildings) BOCA National Building Code
NFIP 44 CFR 60.3 ((c)(2), (c)(3), (e}(4), (e)(5), (e}(6))

FEMA should provide direction to the model codes concerning the need to include the subelassification
of {lood zones (A1-30, AH, etc.) and B, C, X and D zones versus the current zones {A and V) found

in the mode! codes. Upon resolution, changes to NFIP regulations and code changes to BOCA could
be considered. ‘ )

See Appendix, pages A-2: ftem 4; A-5: items 2, 3; A-G: items 1, 2 3.

2. NFIP 44 CFR 59.1 (Breakaway wall) ~ BOCA National Building Code
NFIP 44 CFR 60.3 {{2)(5})
FEMA-55 (4.3.5.1, 4.3.5.2)
FEMA should conduct the necessary research to support the 10-20 psf design loading for breakaway
walls. A system designed in this load range may breakaway under a design wind condition. LUpon
resolution of this issue, it would then be appropriate to prepare a code change which reflects the resulls
of the research as design criteria to be inciuded in NFIP regulations and BOCA.
See Appendix, pages A-1: item 4; A-6: item 2, A-26: item 2; A-27: item 1.

3. NFIP 44 CFR 60.3 {(e)(5)) BOCA National Building Code
FEMA-55 (43.5.1) _

FEMA may wish to clarify that break-away walls are allowed in A-zones provided the opening criteria
is met. This would also be a viable option under the alternative approval provisic-c of BOCA.

See Appendix, pages A-6: item 2; A-26: item 2.

4 NFIP 44 CFR 59.1 {Substantial improvement}) BOCA National Building Code
The term “substantial improvement” used in FEMA is based on 50% of market value while BOCA’s
reconstruction or restoration provisions are a function of 50% of replacement cost. FEMA to evaluate
whether the criteria to determine compliance should be based on “market value™ or “replacement cost”.

See Appendiy, page A-4: item 6,

5. FEMA-54 (Piers) BOCA National Building Code
FEMA-55 {4.3.1.1, Appendix D)

FEMA should require soil testing and a geotechnical report prior to the placement of foundations to
ensure sufficient load bearing capacity of the soil.

See Appendix, pages A-10: item 1; A-18: item 2; A-34: ffem 2.

6. FEMA-54 (Pier foundation connections) BOCA National Building Code
FEMA-134 {313}
Anchor bolt embedment differ slightly between BOCA and FEMA. If viewed as a conflict, FEMA
would need to conduct an evaluation of the relevant standards to determine if a "correct” embedment
can be ascertained.

See Appendix, pages A-10: item 3; A-48: item 3.
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FEMA-SS (411) - o y BOCANanonalBuﬂdmgCodc"

- It is recommended that FEMA revise its importance faaorforwmdfmml.utoLOSforaﬂbmldmgs
mmm&mmmbwb%mmmmm This will bring the
importance factors into correlation with 1

/A.SCE.'I-SthxchasrefereneedbyBOCA.

SeeAppmdu.pagcA—lat ml _ _
BOCA National Building Code

: FEMA-SS .1.2,4.2.2, 4.231,4.2.3.2, 4233, 4.3.14) _' _' BOCA National Fire Preveation Code

hmmmmmmdw&:nl toaddressmmstm'eprotecnon.s ed
language is: Construction materials, mecuons,shaﬂberenstanltowuerdamages

" . conditions of corrosion, deterioration, or decay will not occur.

"segAppmdn,pmA-llltﬂmlA-nMLA-lli item 3; A’1'7 nems2.3 4, 5 A-m'xtemti
- A8 yem L

FEMASS@L4) S nocanmnundmgcm*
Whﬁhmmmmmmmmmmmmmm
. m.ss (41,4} LTt e - "BOCA’ Nanonil'Bu:ldmgCodc '

Thereqwmmfmptofmﬂwgﬂrm(v-) reqmre corrchnonwmhtthFIPregulanons. :

,.-suAppde,pageA-ls Item3 ' '
. 55(4213) SRR R R BOCANauomlBulld.mgCudc

S
treatment for all structural mcmbcrs subject to ﬂoodmg. . A
See Appendix, page A-16: item 4. | . :_
_ng Ty R B mNmﬁBuﬂdmsCode
MMW&WM&I ‘ l’"‘ sorvativ trﬂﬂnentofmod."

These include AWPA C1-88, C2-89 and C9-85 for above construction and AWPA C3:89; C4-89,
AWPB MP1-88, MP2-88, and MP4-88 for timber piles. PruuvmshouldwnfmtoAWPAPl-w

| P2:89, P5-89, PE-99, and P9-87. Wood used in foundations should conform to AWPB-FDN-83.
' 'SeeAppmﬁ:.plguA-n.itunz,A-llueml.A-ﬂ'ml,A-31.:tun3 A3 neml. |

.55(4.3.13) R o BOO&NMBuiIdmgCode

Itwmsmly" rﬁmicﬁwmpmdndethemofabuildmgmuﬂﬁadeqmtﬂydwpe&woodpous

EMA—SS)Gunreiniwmdmasmry(MCRB)_lhmldbemdmed acceptable. It is recommended
FEMA relax their recommendation of material types in favor of a system of material of

thedu@er’schmccwhmmchmaxmakmbeshmtobesmnblefm ir intended use.

: SeeAppendnx.pagesh—lQ- item 2, A-54: item 1.
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- FEMA-102 (Chapter III Part B)

FEMA-S5 (4328) * BOCA National Building Code

provisions for the design and low-slope roafs. Alternatively, FEMA could reference the model
codes for roof sheathing design tables. > ,m
See Appeadix, page A-22: item L

FEMA-55 (433.4) - BOCA National Building Code

FEMA should revise their provisions to inchuds a prokibition of shear or other walls which ar part of
the structural frame below the BFE in V-zones,

See Appendix, page A-24: item 2.
FEMA-55 {43.4.1) : BOCA Nationai Building Code
FEMA-85 Eczlnpter IV Part A ' _

It is recommended that FEMA reference th:mdudmowd:&gnvalmofﬂﬂﬂmlfﬂscﬁlm
See Appendix, pages A-24: item 4; A-39: item 2.
FEMA-55 (43.4.4) BOCA National Building Code

FEMA should reference the design standard for wood, namely, NFaPA NDS-1986 with 1987 revisions
and 1988 Supplement - Design Values for Wood Construction.

Ses Appendix, page A-25: item 3. o ‘ .
FEMA-55 (43.72) o ) - BOCA National Building Code

FEMA should determine the & i armance criteria for storm shutters and stipulate when and

See Appendix, page A-29: item 1.

 FEMA-S5 (43.7.4) | . BOCA Nationa! Building Code

See Appendix, page A-29: jtem 3.

FEMA-54 (Building Materials and Wood, Steel,

Cancrets and YY) BOCA National Building Code
FEMA-S5 (5.2, 53) , _

MCRB (LA S, ILA$, LB.7b) -

and ACT 318.1-89, respectively. Concrete materials and admixtures should conform to ASTM C260-85,
ASTM CE18-88, and ASTM (989-89. Ready-mix concrete should conform to ASTM C94-89b or ASTM
SeeAppcndh,puguA-ﬂ:itm?;A—ll:itml,A-S:l:itm3,4:A—54:itms3,4;A—5?:itm4__
FEMA-85 (Chapter II-Fill) |  BOCA National Building Code

FEMA-85 and -102 require eoordination with the NFIP regulations relative to the use of stractural £11
in ¥-zones. NFIP regulations do not permit £ill in V-zones. .
See Appendix, pages A-37: item 1; A-<42: item 3.
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 FEMA-8S (Chapter IHI-Elevated foundations) ' BOCA National Building Code
Pier height restrictions differ slightly between BOCA and FEMA. If vicwed as 8 coaflies, FEMA would
‘needmmdudmcvdmmofthemhmmdardstodstm:{a mrrect‘pmhughtcanhe

:Su.ﬁppendi:.paph-a'i:itmz.f
FEMA-&S(c:npmwn) o - BOCA National Building Code
I_hsnmdwhawthermmendaumfmdmmm&mplmemedmhmwmmdmg
a means of evacuation and/or rescue during a flood event. In all likelihood, compliance with these:

mmmmwm:m&mbmgbﬁhmmmmmﬂoodmg. FEMA to

SEAMMAMJ:ML : .

mmmmmmmmm-mmmmmmmmm
to mhstannalmprwements

swAMpageA-ﬂltemL . _ .
FEMA-1Q (Appendix DPartB) "Bocanmmnuadiagcm

- MCRB (Iﬂ.C.4.g. VB, 1B4) A
FEMA should dmfmdetamnmgﬂoddwatudcpthandwloutyformmhydrmncmd

hydrodynamic alwlmﬂswouldmdudcthcmd;ﬂmnfﬂoodmvelwtyemﬂon,
sediment, depéh and watershed hydrology. If mo such data exists, a research effort should be undertaken

wmbhhm:hdm“thcbmmdmhpspmﬁchydrodmmdmphadﬁmmmmo
ASCE 7. o

-'4SeeAppend::.pmA4&nem3,A—60'm3,A&m4A-ﬁﬁ.ms _
FEMA-114 35) S Bommnmnlnuﬂdmgcm

m-u4mamm¢rfywhmmmmmmreqwed(A~m) |
mbreahwnymlk(\f-m) E _

SaeAppendn,p-geA-Aa._m_L_ | | B S
- FEMA-114 (6.5 - o | BOCA National Building Code .

| -s(nuiumgmmk) ‘ ) e

MCRB (fILA1, ILAZ)

'mmmummmwwmmmm ACI
7 "530/ASCE 5488. Mm:houldwnfmwmm

 SeeAppenﬁ:.paplA-umz;A-lz:ml.AJB'nmSA-ﬁnml,z
- ‘MCRB (LA} = = mnmnmmm'

'.mmummmmmmmmmmmommunmm'
applicabilty to flooded conditions.

' SeeAppendn.pagcA—SS:nml.
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MCRB (IILB.4) BOCA National Building Code

subjected to hydrostatic and hydrodynamic loads {ie. below the BFE). Under BOCA, residential
basements usable for human occupancy are required to be sbove the BFE. The BOCA codes does not
occupancy below the BFE-this option is acceptable for all uses except residsntial. FEMA NFIP 44 CFR
603 (c)(2) also requires "residential structures...{including basements) elevated to or above the base
flood level” - unlcss a variance is granted in accordance with NFIP 44 CFR 60.6. Thercfore, FEMA
should clarify the use of the MCRB with respect to residential bascments.

Sec Appendix, page A-56: item 3.

MCRE (ILC3) BOCA National Building Code
FEMA should review the calculations relative to the inclusion of live load in buoyancy considerations
See Appendix, page A-59: item 4. '
MCRE (L.CS5) | BOCA National Building Code

The basis for FEMA's assertion that loads other than impact and debris will not "appreciably alter the
designs recommended® requires substantiation. Additionally, the FEMA MCRB Manyal takes the
position that debris is not considered but other documents such as FEMA-54 (pages 69-70) and FEMA-
35 (Section 4.1.3) require this type of loading to be evaluated. FEMA peeds to clarify the effect this

has on the use of the

See Appendix, page A-60: item 4.
MCRE {VAZ2E) BOCA National Building Code

'FEMA presents an oversimplified view that a 6 inch thick reinforced slab is adequate (rebar size and

placement not described). FEMA should cither provide a series of prescriptive design solutions for a
broad range of conditions or simply require structural calculations in accordance with the curreat edition
of ACT 318-89. .

See Appendix, page A-G2: item 2.

FEMA Technical Bulletin 85-3 (Design Considerations) BOCA National Building Code
The 8th sentence under “Masonry walls” in 85-3 is probably incorrect for most conditions. This sentence
states "Once the pins fail, the wall will cantilever with the reinforcing bars at the bottom of the wall,
providing additional resistance to failure until the wall’s capacity is reached What is more likely, is that
2 load sufficient to canse the failure, in shear, at connecting pins at the top of the wall, can be expected

to result in #n immediste failure, in bending, at the bottom. We therefore recommend this statement
be deleted or modified.

See Appeadix, page A-72 item 3.
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FEMA Technical Bulletin 88-2 (Flood Resistant Materials) - BOCA National Building Code
FEMA-55 (432.4)

e to fhe model cdes which wiletablish a egnlatory bass for approving lood damage resisant

See Appendix, poges A-20: item & A-T4: item 1.
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Recommended Changs o FEMA Documents Based on the SBCC! Standard Codes

L

FEMA 54 (Posts, Post Embedment, STANDARD BUILDING CODE
Post Anchorage)

FEMA 55 (4.3.1.3 Posts Wood)

FEMA 102 (. C. 2 Posts)

FEMA 54, FEMA 102, and FEMA, 55 should combine post foundations and pife foundations into boe secrion with
more prescriptive ceguirements.

See Appendix, page B4, items 1-3

See Appendix, page B-12, item 3

See Appendix, page B-29, item 3

FEMA 54 (Shear Walk and Floor Diaphragms) STANDARD BUTLDING CODE

FEMA 54 should address the use of shear walls and floor diaphragms as & method of bracing but should permit
the building designer to choose the method.

See Appendix, page B-S, item 4

FEMA 54 (Pier Foundaticn Connection} STANDARD BUILDING CODE
FEMA 54 should pﬁdc wind load values or forees far which the anchorage is adequae.

See Appendix, page B-5, item 5

FEMA 54 (Floor Beams) STANDARD BUILDING CODE
FEMA 35 (4.2.1.2 Main Supporting Members)

FEMA 54 and FEMA 55 should provide better nailing and splice location requirements.

Se¢ Appendix, page B-5, item 1
See Appendix, page B-10, item 4

FEMA 54 (Cantilevers) ~ STANDARD BUILDING CODE
FEMA 54 should delete the "rule of thumb” or add better guidance for the dssign of the cantilever.

See Appendix, page B-6, item 2
FEMA 54 (Wood) STANDARD BUILDING COLDE

FEMA 34 should include "naturally durable wood.”

Ses Appendix, page B-7, item 3
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FEMA 54 (Performance Criteria) . - STANDARD BUILDING CODE
FEMA 55 (5.1 General Design Considerations) R : '
FEMA 55 {G-7. Foundation Standards)

FEMA 55 (G-8. Anchoring Standards) ' :
FEMA 114 (3.14 Technical Design Criteria Open Foundations
FEMA 114 (Appendix C - Forces) ) .

No. 85-2 (Flood Forces) :

‘No..85-3 (II Wind and Water Forces)

No. 88-1 : _

FEMA 54, FEMA 55, FEMA 114, No. 85-2, No. 85-3, and No. 88-1 should address snow and seismic loads. The
use of the phrases "unacceptablé risks”, "unacceptable health hazards”, and “unacceptabie magnitude" are too
subjective. FEMA 114, No. 85-3, and No. 88-1 should update the wind speed maps to the latest editions and
address snow and seismic Joads. SBC shouid address hydrostatic, hydrodynamic, and buoyancy forces in floodplain

* See Appendix, page B8, item 2
See Appendix, page B-17, item 4
‘See Appendix, page B-21, item 5
See Appendix, page B-22, item 3
Ses Appendix, page B-33, item 4
Sec Appendix, page B-35, item 4
See Appendix, page B-48, item 1
See Appendix, page B-49, item 1
See Appendix, page B-50, item 1

FEMA 55 (4.1.1 Wind) : ' - STANDARD BUILDING CODE
FEMA 55 {G-6. Determination of Loading Forces) B _

FEMA 55 (G-14. Reference Documents)

FEMA 85 {Design of Elevated Foundations)

FEMA 114 (Appendix C - Forces) - -~ °

. No. 83-3 (II Wind and Water Forces)

No. 88-1 _ _

FEMA 55, No. 85-3, and No. 88-1 should update reference to ASCE 7-1988, FEMA 85 and

'HUD ’s MHCSS should update the wind and snow loads to ASCE 7-88. FEMA 85, No. 85-3, and No. 88-1should
address seismic loads. FEMA, 114 should update the wind speed maps to the latest editions and address snow and
seismic loads. SBC should address hydrostatic, hydrodynamic, and buoyancy forees in floodplain areas.

- See Appendix, page B-9, item 1
See Appendix, page 21, item 4
See Appendix, page 25, item 3
See Appendix, page 27, item 1
See Appendix, page 35, item 4
See Appendix, page 49, iter 1
See Appendix, page 50, item 1

FEMA 55 (4.1.4 Eifects of Forcss | _ . STANDARD BUILDING CODE
on Higher and Larger Structures) o

FEMA 55 should provide velocity pressures (psf) for varied wind speeds and buiding height.

See Appendix, page B-10, item 1
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14.

16,

17

FEMA 55 (4.2.1.1 Pilings Woad) STANDARD BUILDING CODE

FEMA 55 should provide additioral information such as ASTM standard preservative treatment and aliowzble
stresses of timber pilss.

Ses Appendix, page B-10, item 3
FEMA 55 {4.2.1.4 Wood Praservatives) STANDARD BUTLDING CODE
FEMA 55 should {ist some of the AWPA standards.

Sees Appendix, page B-11,item 1 -

FEMA 55 (4.22 Masonry Materials and Concrete) STANDARD BUILDING CODE

FEM.A 55 should add references to ACT 318 and ACT/ASCE 530

See Appendix, page B-11, ftem 2
FEMA 55 (4.3.1.2 Piles) STANDARD BUILDING CODE

FEMA 55 should emphasize that type of pﬂe pile depth, 2nd method of installation should be based on the soils
investigation.

See Appendix, page B-12, item 2
FEMA 55 (4.3.1.4 Piers) STANDARD BUILDING CODE

FEMA 55 shawld clarify that the reinforcing, footing size, and grade beam size should be based on the wdesign forces.

See Appendix, page B-12, item 4
FEMA 55 {4.3.22 Beams) - STANDARD BUILDING CODE

FEL*_IA 55 should provide nailing requirements for built-up mambers.

Ses Appendix, page B.13, item 1

FEMA 55 (4.3.2.3 Joists and Rafters) STANDARD BUILDING CODE
FEMA 55 should delete the reference to rafters or add information on rafiers.

See Appendix, page B-13, item 2

FEMA 55 (4324 Subfiooring) . STANDARD BUILDING CODE
The provisions are compatible. FEMA 55 should provide some recommended nail spacing and spans.

See Appendix, page B-13, item 3
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FEMA 55 (4325 Studs) STANDARD BUILDING CODE

FEMA. 55 should address sizing of studs including aumber of stories whxch the stud supports or limits for the use
of 2x4 studs. &

See Appendix, page B-13, item 4
FEMA 55 (4.3.2.6 Wall Sheathing) : . STANDARD BUILDING CODE

FEMA 55 should prawde additional information addressmg the wind speed in addxuon to hmght above grade.

See Appendix, page B-14, n.eml
FEMA 55 (4327 Wall Bracing) | | STANDARD BUILDING CODE

FEMA 55 shuuld combine 4.3.2.6 Wall Sheathmg and 4.3.2.7 Wall Bracing into one section and address the design
requirements for the wall bracing method chosen.

See Appendix, page B-14, item 2
FEMA S5 (43.3.1 Knee Braces) STANDARD BUILDING CODE

FEMA 55 should emphasize that the wood foundation piles should be désigned for the additional moment

introduced into the pile from the knee brace.
See Appendix, pége B-14, item 5 |
FEMA 55 (4.3.3.2 Grade Beams) STANDARD BUILDING CODE

FEMA 55 should emphasize the need to design the grade beams to assurc that they arc actually providing lateral -
support of piles.

See Appendix, page B-15, item 1 |
FEMA 55 (4333 Truss Bracing) " STANDARD BUILDING CODE

FEMA 55 should emphasize the need to design the bracing members.

See Appendix, page B’-iS,- item 2

FEMA 55 (4334 Shear Walls) L ' STANDARD BUILDING CODE

FEMA 55 should address wood shear walls for wood pile foundations.

See Appendix, page B-15, item 3
FEMA 55 (4344 Fioar Beam 1o Pie, Post, or Pier) | STANDARD BUILDING CODE
FEMA 55 should provide some design va!ues or wind speeds for wh:ch the mnnecnnns are appropnale

See Appendix, page B-15, item 5
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3.

2

FEMA 55 {4.3.7.1 Window Selection STANDARD BUILDING CORE
FEMA 55 (4.3.7.2 Operable Shutters)

FEMA 55 should address the design of the windows and shutters for the wind load pressures

See Appendix, page B-16, item 4
Set Appendix, page B-16, item §

FEMA 55 (4.3.7.4 Roofing Materials) STANDARD BUILDING CODE

FEMA 55 should emphasize the need to have a roof covering designed to-withstand the upiift from the wind. SBC
should emphasire that the roof covering should be designed to 1205,

See Appendix, page B-17, item 2
FEMA 55 (5.3 Slabs an Grads) STANDARD BUILDING CODE

The minimum slab thickness in FEMA 55 should be changed 10 3 1/2 inches and delete the requiremen: for welded
wire fabric.

See Appendix, page B-18, jtem 2
FEMA 55 (G-3. Scope) STANDARD BUILDING CODE

Since market value is a varisble based on location, economy, oic., FEMA should require compiiance for all
improvements since noncompliace of any part of the structure makes the entire structure out of compliance.

Ses Appendix, page B-21, itam 1

FEMA 55 (G-7.1 Pile Foundation Design) STANDARD BUILDING CODE
FEMA 55 should emphasize that pile spacing and embedment shoufd be based on the foundation investigation.
FEMA 55 should reduce the minimum compressive strength of the cancrete for reinforced concrete piles to 4000
psi, since 4000 psi has been a building eode requirements since 1980,

Ses Appendix, page B-22, item 1

FEMA 55 (G-8.1 Connector and Fasteners) STANDARD BUILDING CODE

FEMA 55 should not prohibit toe nailing if the connection is adequate for the calculated loads. SBC should address
corrosion protection of meral connectors. '

See Appendix, page B-22, item 4

FEMA 55 {G-5.2 Beam to Pile Cannections) STANDARD BUILDING CODE
FEMA 55 (G-85 Ceiling Joist Rafier)

FEMA 55 should permi: the designer to design the connection.

See Appendix, page B-23, item 1
Ses Appendix, page B-23, item 4
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37,

39

FEMA 55 {G-8.3 Floor to Deck Connections) . - o STANDARD BUILDING CODE
FEMA 55 (G-8.4 Exterior Wall Connections) ; '

FEMA 55 should permit the designer the Iccway 10 meet pcrformancc rcqulrcmcms

See Appendm, pagc B.23, item 2

~See Appendix, page B-23, item 3
- FEMA 55 (G-9. Roof Shcathing) - _ _ STANDARD BUILDING CODE

FEMA 55 shoutd permit parncleboard roof sheathmg prowded it is of the appropnatc strcngth
See Appendm, page B-24, item 1 - _
FEMA 55 (G-13. Cemﬁmuon Requirements) ' -_ srAﬁDARD BUILDING CODE .

FEMA 55 should prmnde parameters for which sections 7 and 8 are appropnate (wmd load, height above grade,
eic.). . . :

See Appendix, pﬁgé B-25, item 2 _
FEMA 85 (Anchoring) STANDARD BUU.DING CODE

| FEMA 85 should address minimum: nurnher of ues and anchors.

See. Appendix; page.B-zs, item 4 7 _ _
PEMA 102 (III.C3 Pucs) _ _ - STANDA.RD-BUILDING CODE

FEMA 102 should emphas:ze that the !engm and maximum desxgn Inad is based on the foundation investigation
and report. : . . .

" See Appendix, page B-29, hem4
" FEMA 102 (Tabie ITI-1 Minimum | - . STANDARD BUILDING CODE

Requirements for Reinforced Piers)

FEMA 102 should clarify the soll beanng upacuy was used for the minimum footing size and the dwgn loads used
for the minimum pier size. :

See Appcndix, page B30, item 2 _
MCRB (ILA2 Reinforced and Grouted Block) .~ STANDARD BUILDING CODE

- MCRB should referénce ANSI A41.2 and ACIASCE 530.

Sec Appendix, page B-37, item 2

MCRB (ULA4 Reinforced Concrete) S STANDARD BUILDING CODE

MCRB should reference ACI ais.

See Appendix, Page B-37, item 4
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42,

43.

45,

MCRB (ILB.S Anchorage) ' STANDARD BUILDING CODE
MCRB should be changed to comply with current model codes.
See Appendix, Page B-40, item 5

MCRB (HI.C5 Debris, Wind, Impact, Snow, Ice, and STANDARD BUILDING CODE
Other Live Loads) '

MCEB should include wind, snow, and seismic ipads.

See Appendix, Page B-42, item 5

MCRE (Ch. ¥V Basements for Floods) ' STANDARD BUNDING CODE
MCRBEB (A2 Designs, Methods, and Tables) , : '

MCRB (A.2.a Building Model, Dimensions, and Loading}
MCRE {A2.b Structural -Analysis Model) {Wall)

MCRB (A.2.c Structural Plain Concrete)

MCRB {A.2.d Reinforced Concrele)

MCRE (A.2.c Plain Masonry Biock)

MCRE {A-2.f Reinforced Masonry Block)

MCRB (A 2.g Fiood Waters Above Grade)

MCEB {A.2.h Slab Thickness) (Based on Bending)

MCRB (A-2.i Structural Slab Design) {Ultimate Swrength Design)

MCRB should not reference a single model code. MCRE should reference only nationat consensus documents.
Sec Appendix, Page B-42, item 13

FEM#, 54 (Insulation) : STANDARD MECHANICAL CODE
Change FEMA 54 to address insulation of exposed ductwork.

See Appendix, page B-59, item 3

FEMA 102 (Ch. IV Other Fioodproofing STANDARD MECHANICAL CODE
Measures) '

{1} Revise SMC 1 réferenoe the Standard for Floodplain Management {2)) Revise FEMA 102 1o reference the
locally adopted model code for installation clearances.

See Appendix, page B-62, item 2

FEMA 102 (Appendix D "Floodproofing STANDARD MECHANICAL CODE
Performance Criteria™)

(1) Revise FEMA 102 1o referance the local model codes for access and clearance. (2) Revise SMC 1o reference
Standard for Floodplain Management. .

See Appendix, page B-62, item 4
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47,

49,

50,

51.

52

FEMA 114 (Ch. 9 Protection of Utilities, STANDARD MECHANICAL CODE
9.4 Permanent Protection Measures) :

(1) Change FEMA 1o reference Incally adopted model codes for clearances to combustible materials and minimum
access (2) change the SMC to reference the Standard for Floodplain Management.

See Appendix, page B-64, item 2

FEMA 114 (Ch. 9 Protection of Ulilities, STANDARD MECHANICAL CODE
9.5 Utility Relocation (o Existing Space) S e

Section 9.5 of FEMA 114 should be revised to reference minimum cMranm for heat producmg appliances
according to local model codes. ‘

See Appendix, page 3-64, item 3

FEMA 114 (Ch. 9 Protection of Utilities, STANDARD MECHANICAL CCDE
96 Uuuty Relocannns ta New Space}

Secuun 95 of FEMA 114 should be revised 1o encourage ubtammg a buiiding permit for new
construction/alterations. [t should also reference model uodcs for mlmrnum clearance 10 combustibles and access
10 equipment. . _

See:Appendix, page B-64, item 4
FEMA 54 (Mechanical Equipment) . ' _ STANDARD GAS CODE

(1) Revisé FEMA to caution that fuel-fired equipment must be installed 10 local codes {2) Revise- SGC to
reference the S:andard for Flaodplzun Management.

See Appendix, page B-79. item 3

FEMA §5 {Ch. 4 - Structure Design, Section 4.3.6 Utilities) C - STANDARD GAS CODE
FEMA 55 (Appendix G "Sample Coastal Construction Code” 12 Utilities) - -

FEMA 102 (Ch. TV Other Floodproofing Measures) '

FEMA 102 (Appendix D “Floodproofing Performance Criteria)

{1) For elevation - revise the SGC to reference the Standard for Floodplain Managemcnt (2) For fuel supply -
revxse FEMA 55 AND 102 to reference model codes for instattation. .

- See Appendlx, pagc B-81, item 1

Sec Appendix, page B-81, item 3
See Appendix, page B-83, item 2
Sec Appendix, page B-83, item 4

FEMA 113 (Ch.9 Protection of Utilities, | ' S_TANDARD GAS CODE
9.6 Utility Relocation to Existing Space) o IR o

FEMA 114 should be revised to reference readers to local model codes for other safety considerations.

See Appendix, page B-85, item 4
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33,

5a,

55,

36.

ST

Na. 93-3 (Section D-2) : _ STANDARD GAS CODE-
Revise No. 90-3 to reference the local model code for venting and combustion air.
Ses Appendix, page B-97, item 1

NFIP (60.3(b)(8) Manufactursd STANDARD FOR FLOODPLAIMN MANAGEMENT
Home Instailation)

In order 1o avoid cunfusicn, NFIP and SFM shovld list the zone desigration {A, AQ. AH, VO, M,.ctc.}-dicng with
the word description {floodway, coastal high hazard)

See Appendix, page B-120, item 3

FEMA 54 (Posts, Post Embedment, STANDARD FOR FLOODPLAIN MANAGEMENT
Post Anchorage)
FEMA 35 (43.13 Posts)

FEMA 54 and FEMA 55 should combine post foundarions and pile foundations into one section.

See Appendix, page B-123, ftem 1
See Appendix, page B-129, item 2

FEMA 54 (Floor Beams, Cantilevers} STANDARD FOR FLOODPLAIN MANAGEMENT
FEMA 54 shoutd delete the "rule of thumb™.
See Appendix, page B-123, item 4 -

FEMA 54 {Performance Criteria) STANDARD FOR FLOODPLAIN MANAGEMENT
FEMLA 55 {4.1.1 Wind} ‘
FEMA 55 (5.1 General Design Considerations)

FEMA 55 (5.6 Exterior Wall Systems)

FEMA 114 {3.14 Technical Design Criteria Open Fnundatmns}

FEMA 114 (Appendix C - Foress)

Nao. 85-3 (II Wind and Water Forees)

Mo, 88-1

FEMA 54, FEMA 55, FEMA 114, No. 85-3 and 88-1 should include performance criteria for snow and seismic
loads. The use of the phrases "unacceptable risks”, “unaccepiable health hazards®, 2nd "pnacceptable magnitude”
are 100 subjective. FEMA 114 should update the wind speed maps to the latest edition. FEMA 55, No. 85-3 and
No. 88-1 should update reference to ASCE 7-83. Section 804.1 of the Standard for Floodplain Management should
reference Chapter 12 instead of oaly 1205 (Wind) to include 1204 [Snow) and 1206 {Seismic)

See Appendix, page B-125, item 1
See Appendix, page B-126, item 2
See Appendix, page B-132, item 2
S¢z Appendix, page B-133, item 2
See Appendix, page B-143, item 4
See Appendix, page B-145, item 3
See Appendix, page B-156, item 1
See Appendix, page B-157, item 1
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58..

59.

61
62.

63.

65.

FEMA 55 (4.1.4 Effects of Forces on_ - STANDARD FOR FLOODPLAIN MANAGEMENT
Higher and Larger Structures) = : : ' : '

FEMA 55 should provide velocity pressures (psf) for varied wind speeds and building height.
See Appendix, page B-127, item 1
FEMA 55 (4212 Main Supporting STANDARD FOR FLOODPLAIN MANAGEMENT

- 'Members, Beams, Wood)

FEMA 55 shbmd provide more specific parameters for which the stated nailing is appropriate.

See Appendix, page B-127, item 4

FEMA 55 '(‘4.3.1.2 Piles) . STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 shculd emphasize that the type of pile, pile depth, and method of installation should be bascd onthe
soils m\resnganon .

See Appendix; page B-129, item 1
FEMA 55 (4.3.14 Piers) ' STANDARD FOR I-'LDODPI.AIN MANAGEMENT

FEMA 55 should clarify that the remforcmg, footmg size, and grade ‘beam should be based on the design forces.

: Se: Appendix, page B- 129, item 3

FEMA 55 (4.3.2.3 Joists and Rafters) STANDARD FOR FLOODPLAIN MANAGEMENT
FEMA 55 should delete the reference 1o rafters.

Sec Appendix, page B-l!.d, item 1

- FEMA 55 (4.3.2.6 Wall Sheathing, o . STANDARD FOR FLOODPLAIN MA_.NAGEMENT
4.3.2.7 Wail Bracing) ; - o

FEMA 55 should combine wall sheathing and wall bracmg into one section and address the design requ:rernents
fur thc wall bracmg method chosen. .

See Appendix, page B-ISD item 4. )

FEMA 55 (43.2.8 Rout‘ Detaus. L - STANDARD FOR FLOODPLAINMANAGEMEN‘I‘
4.3.3 Foundation Bracmg, 434 Connecuons) ' o

FEMA. 55 should provide some design values or wmd speeds for wh:ch the connections and details are appropnate

See Appendix, page B-ISO. item §

FEMA 55 (436 Utiiitiﬁ) - . STANDARD FOR FLOODPLAIN MANAGEMENT

FEMA 55 should address the potential damage from high winds in coastal areas.

See Appenqm, page B-131, item 2
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67,

85

FEMA 55 (G~& Determination of STANDARD FOR FLOODFPLAIN MANAGEMENT
Loading Forees) : . :
FEMA 55 {G-14 Reference Documents)

FEMA 85 (Ch. IV Design of

Elevated Foundations)

FEMA 114 (Appendix C - Foreas)

Mo 85-3 (TI 'Wind and Water Forces)

Mo. 88-1

FEMA 35, FEMA 85, HUD's MHCSS, No. 85-3 should update its reference to ASCE 7-88. FEMA 114 should
update the wind speed maps tothe fatest edition and address snow and seismic loads. Section 801.1 of the Standard
for Floodplain Managemant should reference Chapter 12 instead of only 1205 {Wind) to include 1204 {Snow} and
1206 [Seismic). '

Sez Appendix, page B-136, item 2
See Appendix, page B-138,item 1
See Appendix, page B-140, item 1
See Appendix, page B-145, item 3
See Appendix, page B-136, item 1
Ses Appendix, page B-157, item 1

FEMA 55 {G-13 Certification STANDARD FOR FLOODPLAIN MANAGEMENT
of Requiraments)

FEMA 55 should provide parameters for which sections 7 and 8 are appropriate (wind ldad, height above grade,
£Ic.) : .

Ses Appendix, page B-137, item 5

MCRB (III.C.5 Debris, Wind Impact, Snow, STANDARD FOR. FLOODPLAIM MaANAGEMENT
Ice and Other Live Loads) ,

MCEB should include wind, snow, and saismic loads.
Ses Appendix, Page B-149, item 1

MCRB (Chapter ¥ Basements in Floods) STANDARD FOR FLOODPLAIN MANAGEMENT
MCRE {A. Structural Designf/Analysis) :
MCRE (A2 Designs, Methods, and Tables)

MCRE (A2a Bullding Model, Dime.:.ions, 2nd Loading)

MCRE (A2b Structural Anatysis Model) (Wall)

MCRB {AZ2.c Structural Plain Conerete)

MCRB (A2d Reinforced Concrete)

MCRB (A2c Plain Masonry Block)

MCRB (A2f Reinforced Masonry Block)

MCEB (A2.g Flood Waters Above Grade)

MCRE (A2h Slab Thickness) {Based oa Sending)

MCRE (A2 Structural Slab Design) {Ulimate Strength Design)

MCRB should not reference a single model code. MCRB should reference only national consensus documents.

Ses Appendix, Page B-149, item 2
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Recommended Changes to FEMA Documents Based on the ICBO Uniform Codes

1. CFR 60.6 Uniform Buildimg Code
_ {c)(2)(i) (Flood-proof Walls) .

Either the U.B.C. should provide provisions for residential basements or CFR 60.6 should not allow such
basements.

See Appendix, page C-8, itam 2.

2. FEMA-55 Uniform Building Code
4.1.1 {Wind)

FEMA-55 should reference the latest edition of the Minimum Design Loéds for Buildings and other structures
published by the American Society of Civil Enginears (ASCE 7-88, formerly ANSI 58.1).

See Appendix, page C-10, item 1.

3. FEMA-55 Uniform Building Code
4.1.2 (Corrosion Protection)
FEMA-55 should address roofing details and those of other exterior assemblies.

See Appendix, page C-10, item 2.

4. FEMA-35 Uniform Building Code
-12 1.3 (Other Wood Members)
FEMA-55 should require protection of all mambers that are exposed te these conditions.

See Appendix, page C-12, item 2.

5. FEMA-§5 ] Uniform Building Code
4.2.1.4 {Preservatives})
FEMA-55 should recommend that the wood preservatives meet approved national and local standards.

See Appendix, page C-12, item 3.
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6. FEMA-S5 . o L L © " Uniform Building Code -
4.3, 1-, (Foundatipns) |
'FEMA-SS should recommend the use of only piles or columns in Coastal ngh Hmrd Zones

See Append:x puge C 12, :tem 4.

7. FEMA-SS | | o ~ Uniform Building Code
4.3.1.1 (Soil Conditions)

 FEMA-55 should recommend the use of a licensed engmeer for the cIassnﬁcatlon of the scil or prowde 8
reference toa document that does require such certification.

See Appendnx. page C-14, item 1.

8. FEMA-SS ; o Uniform Building Code
4.3.1.2 (Piles)

" FEMA-55 should recommend that the sizing of the piles is done by a licensed engineer or architect or provide a
reference to a document that does require such certification. - '

See Appendix, page C-14. item 2.

9. FEMASS - o o ' Uniform Building Code
4.3.1.3 (Wood Posts)

FEMA-SS should allow the use of wood posts in A zones provided the foundation system is desngned by a
- licensed engineer or architect. .

- See Appendix, page C-14, item 3.

10. FEMASSS | TR Uniform Building Code
4.3.1.4 (Masoary Piers). | |

FEMA-55 should recommend that & lwensed eugmeer or architect deslgn the pier foundation or provide a
reference to a document that does requn'e such certification. .

See Appendix, page C-14, item 4.
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11. FEMA-55 ‘ ‘ Uniform Building Code

4.3.2.1 (Framing)
4.3.2.2 (Floor Beams)

FEMA-55 should recommend that the design of this type of framing system be done by a licensed engineer or
architect, since these areas may also be subject to other lateral forces or provide a reference to a document that

does require such certification.

See Appendix, page C-14, item 1.

12. FEMA-55 Uniform Building Code
4.3.3 (Foundation Bracing)

FEMA-55 should recommend that & licensed engineer or architect design these braces and the rest of the
foundation system or provide a reference to a document that does require such centification.

See Appendix, page C-17, item 1.

13, FEMA-35 Uniform Buiiding Code
4.3.3.2 (Grads Beams)
FEMA-55 shounid recognize other methods of foundation restraint.

See Appendix, page C-17. item 3.

14, FEMA-55 Uniform Building Code
4.3.3.4 (Shear Walls)

FEMA-53 should address the use of wood shear walls as an acceptable method of resisting wind and water
Ioads.

See Appendix, page C-18, item 1.
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15. FEMA-55 ‘ . _ Uniform Building Code
4.3.6 (Utilities)

FEMA-55 should also include the protection of utilities in the A" flood hazard zone as they subject to similar
conditions found in the Coastal High Hazard zone. e o o SR

See Appendix, page C-20. item 4.

16. FEMA-55 Uniform Building Code
5.5 (Elevated Floors)
FEMA-55 should discuss composite floor systems as these are prevalent in high-rise construction.

See Appendix, page C-22, item 3.

17. FEMA-55 ' : Uniform Building Code

Figure No. A-1 (Number of Piles)

FEMA-$5 should recommend that a licensed engineer or architect design the piling system rather than provide
specific design criteria for all situations or provide a reference to a document that does require such
certification. Also, FEMA-55 should consider the soil conditions &t the site when making design
recommendstions. ' - : N s '

~ See Appendix, page C-23, item 2.

18. FEMA-55 - ' | Uniform Building Code
Table No. A-7 (Bolt Capacity of Floor Beam Connections)

FEMA-5S should base their design tables on the materials used in the connection as well as the type of
connection. ' ' o

See Appendix, page c-25, item 2.
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19. FEMA-S5 Uniform Building Code
B.1 (Knee Bracing)

FEMA-55 should recognize the use of other fmms of hracmg as well as requiring the use of 4 licensed engmeer
or architect in the design of such & system. '

See Appendix, page C-27, item 2.

20. FEMA-SS Uniform Building Code

B.2.1.2 (Thread Bar Diagonals)
B.2.2 (Struts)

FEMA-S5 should not recommend specific manufacturers.

See Appendix, pages C-28, items 2 and 3.

21. FEMA-55 Uniform Building Code
D.3 - Procedure A-3 (Minimum Embedment of Piles)

FEMA-55 should recommend that a soils engineer be consulted and 2 soils report be undertaken fnr each
specific site as the soil conditions vary from site to site.

See Appendix, pages -C-ZSD, item 1.

22. FEMA-S5 - - Uniform Building Code
Appendix G.4 (Definitions)

FEMA-55 should develop language that correlates the definition of "grade” with the U.B.C. Such as re.placmg
the term “adjoining” with 2 specific dlsmnce from the building at which point the measurement is taken.

See Appendix, page C-33, item 1.

23. FEMA-55 : Uniform Building Code
Appendix G.6.2 {(Wind Loads)
FEMA-55 should inciude the latgst edition of ANSI Standard A 58.1 which is now ASCE 7-88.

See Appendix, page C-34, item 2.
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24, FEMA-55 - | | Uniform Building Code
Appendix G.7.1 (Pile Foundation Design)
FEMA-35 should include a provision for soil invesﬁgations to determine the site soil conditions.

See Appendix, page C-34, item 4.

25. FEMA-5S Uniform Building Code
Appendix G.8.3 (Floor and Deck Connections)
FEMA-55 should consider other structurally adequate matenals.

See Appendix, page C-36, item 2.

26. FEMA-SS - Uniform Building Code
Appendix G.11 (Use of Space Below the Lowest Elevated Fioor)

FEMA-55 should not allow enclosed space for vehicular parking unless it is provided by Breakaway wallé and
should recognize that portable or temporary storage of items c¢an be located there.

See Appendix, page C-38, item 1.

27. FEMA-54 Uniform Building Code
Post Embedment

FEMA-54 should recommend the use of a soils investigation report by a licensed soil engineer in the design of
the foundation system. '

See Appeﬁdix, page C-43, itemn 4.

28. FEMA-54 Uniform Building Code
BuMipg ‘Mnteril.ls

FEMA-54 should not recommend specific manufacturers or industrial groups for the protection of building
materials.

See Appendi_;, page C-43, item 4.
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29. FEMA-54 Uniform Building Code
Wood
FEMA-54 should not recommend specific manufacturers,

See Appendix, page C-44, item I.

30. FEMA-114 Uniform Building Code
3.14 {Open Foundations)

FEMA-114 should discuss the use of a soils engineer and soils report in determining the embedment length of
piles and the soil-bearing pressure in flood-prone areas.

See Appendix, page C47, item 1.

31. FEMA-1l4 Uniform Building Code
6.5 (Technical Design Criteria)

FEMA-114 should recognize the authority of the local building codes, rather than recommend the use of
standards which may not be recognized by the jurisdiction.

-See Appendix, page C-48, item 1.

32. Bulletin No. 85-1 Uniform Building Code
L. Definmition

FEMA Bulletin No. 85-1 should state that this method of floodproofing is only acceptable for the retrofitting of
existing buildings.

See Appendix, page C-78, item 1.
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Recommendad Changes 1o FENMA Document
Based on NFPA Standards

1. FEMA 44 (35.1 (c)) NFPA W)

Delete:
400 sguare feet or less when measured at the largest horizontal projection.”

See Appendix, page D-6, par 1.
2. FEMA 54 (Utility Service, Pages 92.93) NFPA 70

Add a qualification in utility services:
"Electrical conduits and cables are to be suitable for an expected wet environment and the comosive
environment presented by salt water and spray in coastal areas.”

See Appendix, page D-6, par 2.
3. FEMA 54 (Service Mounting, Pages 92.93) NFPA 70

Add a sentence 1o reat: _

"Electric equipment shail be securely fastened to the surface on which it is mounted. Wooden plugs driven
into holes in masonry, concretz, plaster, or similar materials shall not be used. Underground electric supply conduits
o cables shouki not be fastened to walls, or structures intended to breakaway under flood conditions. NFPA 70, The
Mational Electric Code should be consulted for full installation requirements.”

See Appendix, page D-6. per 3.
4. FEMA 54 (Raceways, Pages 92.93) NFPA 70

Add the following: A

should be installed at 8 locstion in the system 30 armanged as to prevent entrance of water due i flood conditions.
Underground electrical conduits or cables shoatd be protected against damage from flooding or scouring by burying to
a depth that will provide protection under expected flood conditions. NFPA 70, The National Electric Code in
Section 230-8, 230-32, and 300-5 contain specific design guidelines.”

See Appendix, page D-6, par 4.

5. FEMA 54 (Electrical service location, Pages 92,93} _ NFPA 70

~ Add the following: .

*All swixches and circuit breakers shall be located so that they can be operated from a readily sccessible
place. They should be located so that the center of the operating handle is not more than 6 1/2 feet above the floor
or piatforms. 'Where necessary, a plarfarm may be installed to provide accessibility where devices are located above
the flood plain."

See Appendix, page D7, par 1.
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6. FEMA 55 (436, psr 5, semence 2) S ' NFPAT0

: *Since the enclosure or raceway for the electric utilities is subject w physical damage, it should be installed
mﬁmm_mmmmmmmamsoﬂmmwﬁcmm' o .

Ses Appendix, page D-7, par 2.
7.FEMA 55 (5-13.1) N R NFPA 70

Add the following: R o I - _
_ o ;"memmufwmmymﬁfem_my.mmugmmaotﬁmharrierslo
m' N ) ) . .

SgeAppeuﬁx.PGGD-u.wz. _ _

8. FEMA 85 (Chapier IV, Page 69, Utility Service) = . NFPATO

—'Elecn'icequipmemahaﬂhesecmeiyfastmedmme_mfacemwhkhhismmwi_Woodmplugsdrivm
into holes in masoary, concrete, plaster, or similer materials shall not be used. Underground electric supply conduits
- orcabies should not be fastened to walls, or structures intended to break-away under flood conditions. Electrical

' mymmmm’mummfummﬁmm:wm_mmbeW" C

Sec Appendix, page D-7, par 3.
9. FEMA 85 (Chapter IV, Page 69, Utility Servics) ~ NFPAT0

Add the following: .~ - - -

. * Where electrical conduits supplying the structure are installed underground, the conduit should be sealed.
The sealant should be installed at & location in the system so arranged as to preveat entrance of water due to flood
conditions. UmﬂMhlcmdduuuthdhemmmmwmmgﬁummam g
mummmmwmmm.mmuﬂmmmaxmwy .
,wndnilsmg'ingﬁnmWmmmﬁm.mmm_ﬂmmwgﬂopdmdiﬁm. All
swiiches and circuit breakers ahould be locassd so they can be operated from a readily accessible place. They should
be located 0 that the center of the operating handle is not more than 6 1/2 feet above the floor or plaforms. Where
' my,aplmfmmmyhehmaﬂedmmﬁchmessibiﬁtjwhue.dmbesmmd,wowmefhodphm.“

See Appendiz, page D-8,par1.

10, FEMA 85-1 ([ Prosection Goals) -~  NFeASs

Revise 0 readk: N o o o
T L p.Gas or liquid transfer should be performed in accordance with NFPA SB, Standard for the Siorage and
SeeAppendix._pngéD-S.wl.
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11. FEMA 85-1 (IV A9, par2) NEFPA 70
Rcusuddmg:
'Whmdecuwalmmplylmescanmt!beelﬂamdabmeﬂmdmﬂ mcyshwmm:nmlbdmmgcfm

~draining away from panelboards, controllers, switches, mmxchcmcsleqmmmtmmdamew:mmhm
sections 110-1 and 110-17."

see Awm- Me' D‘E, w 2'

12. FEMA 85-1 (Protection of Interior Finishes) _ - NFPA 101

Add the full:mng' |
Inmﬁmslwsmay haw fire resistance requitements which mm&mm@uﬁam&swm

Waler resistance requirements.”

See Appendix, page D-13, par 1.

13. FEMA 85-3 " NFPA 70

Refer to FEMA 55 utility requirements as they relate to breakaway walls,

See Appendix, page D-10, per 3.

14. FEMA 102 {page 11, per 2) NFPA 101

Add the following:

“The force 10 open doors under means of egress requirements should be maintained for exit doors. Latching
requirements for exterior doors may include the use of fire exit hardware in educational or assembly occupancies.”
See Appendix, page D-12, par L.

15. FEMA 102 (Chapter TV D. Wet Floodproofing Technigues, par 4, sentence 2) NFPA 70
Add the following:

"Where electrical supply lines cannot be eievated above the Design Fiood Level, they must be installed to
arrange for draining away from panelboards, controliers, swikches, or other electrical equipment.”

16. FEMA 102 (General) - NFPA (General}

_ Expand the definition of Building Code: to inciude the referencing of other standards and codes wmpa’lymlude
NFPA Codes and Standards,

Sec Appendix, page D-12, par 2.

17. FEMA 114 {8.7, par 3, sentence 3) NFPA 70

R:vmmmad.
mmwmmmqmmmmufﬂmemdeam

hswdhyarecognmdmnghba:m .

Seeﬁppem,pagebhﬂ.paﬂ.
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18. FEMA 114 (9.3) | | NFPA 708

Revise the section to reference NFPA 70B, Electrical Equipment Maintenance. |

Se Appendix, page D9, par2.

19.FEMA 114 94) . NFPATO

Add the following: | |
%Mwmm“mammmwmmwmmhmmm

msetheebcmulmahuwﬁoﬁbvelmage

See Appendix, page D-9, par 3. _ _

20, FEMA 114 (m9) | | , NFPA $4

Add references 1w NFPA 54, National Fuel Gas Code. | | R

Ser Appendix, page D2 parl. |

21.FEMA 114 04) ~ - NFPA 58

 Add references to NFPA S8, swmusmmmmdmmmm

See Appendix, page D4, par 2. -

22. FEMA 165 . o NFPASS

Add references 10 NFPA 58, SmmdfumeSmgemdmquw&dmmGam

. See Appendix, page D=4, par 3.
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Recommended Changss o PFEMA Poruments Bazed co Masufectered Housing Codes and Staedandc

L

NFIP Regulations ' Manufactured Homs Construction
& Safety Standards
HUD Handbook 4930.3
Add a definition for "moduler housing.” '
See Appendix, pages E-1, item 1, and E-3, item 1.

NFIP Regulations . Manufectured Home Construction
. & Safety Standards

Change §503(b)(8) as follows:

« - « Acceptable methods of anchoring for resistance to lood fonves include the usa of bolts, cebies and nes o adequately
designed foundarions.

See Agpendix, page E-1, item 1.

NFIF Regulations Manufactured Home Construction
. & Safery Standands

In $60.3(a(3), &dd to the end of {Iv]) - . . this provision is not applicable to manufactured housing.

Ses Appendix, page E-2, item 1.

Note tht in the opinion of NCSBCS, FEMA 85 should be replaced with & new document, a mors prescriptive, and thus

mare site-enforceable standard. The performance recommendations of FEMA BS are too vague to enable jurisdictions to

perfarm the kind of service expected. The recommendations that follow are in the spirit of the contractual agresment.

FEMA 85 Manulzctured Home Construction
& Safety Standards

Manufactured Housing Institute
Model [nstaftation Manual

Change the firs: paragraph at the top of page 4 to read:

Manufactured homes have been desipned for plscement on permanent foundations. Care must be taken to assure the safe
transfer of all icads {gravity, wind, and food), 50 &5 10 not distress the structure.

See Appendix, pages E-22, item 1, and E-35, jtem 1.

FEMA 8BS . Manufactured Home Construction
& Safery Standards

On page 15, add a sentence to the first Eydrodynamic forees parsgraph: °. . . downstream side. The illustration below .
shows the forces acting on & bome installed with the Foor below the Basic Flood Line. In order 10 comply with the NFIP,
homes mug be insuslied sbove the flood line. The foundations and anchorage must be installed to resist damage.”

Sez Appendix, page E-23, jtem 1.
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10.

11.

FEMA 35 © Manufsctured Home Construciion
& Safety Standards

On page 22, change the caption for Figun Illw mclude the suatement: “Dry stacked blocks commouiy lpprovcd by
Manufactured Housing Producers are not accepusble under the NFIP."

Sec Appendix, pages E-23, item 4; E-25, item 3; E-26, item 1; and E-27, items 1-6.
FEMA 85 Mlnuflcluud Home Construstion
: . & Safety Standards
Manufactured Housing Instimte
Model Installstion Manual
Further researchistudy is recommendad to determine the capacity of anchors under sstursted soil conditions. [n FEMA
85,0n page 30,4dd & sentence 10 the end of the paragraph that ends st the top of the right columa: “If test. data or
certified capacity charts are not available. for saturated soil, the ground apchors should not be used.”
See Appendix, pages E-24, item 1; E-25, item 5; E-31, item 4; E-38, item 2; and E-29, itom 6.
FEMA 85 ' Manufacnured Home Construction
& Safety Standards
Manufactured: Housing Instituta
Model lnlullnion Manual

On page 52 Figure 4.32,clung= the onenation of the ;muud lnchor w0 lhw it colnnl mth the cable and add the -
following 1o the caption:

Ground anchors must be insalled as tested. Ground anchor tests are usully for anchors applicd in the same axis as the
cable. If test data or cenified capacity charts are not available for lpplscluonl in ssturated moil, the ;round anchors should
not be med

Sae Appendix, pages E-16, item 1, and E-40, item L.

FEMA 85 : . ) ~  Manufsctured Home Construction
: & Safety Sundards

Further study is recommended on the sructural procedures that are recommended in Appendix D. It appears that higher
marging of safety against overurning wnd sliding may be appropriate.
See Appendix, pages E-28, item 4, and E-29, item 2.
FEMA 85 : * Manufactured Home Construction
& Safety Standards

. -HUD Handbook 4930.3
Further study is recommended w collect sate-of-the-art test results for ground anchor q:pliulioﬁl in various types of
soils, samurated, and unssmursied, as well aa the sffocis of varymg the angle of pull lnd usc of concrele collars, The resuits
ofMelfonMﬂdbeundloupdnuAppnﬂixE -
Sec Appeadix, pages 5-29.mm 1; E-31, tiem 4; and E-33, item. 2. _
FEMA 15 ’ HUD Hsndbook 4930.3
On page 5, 8dd the following 1o the second from the Jasl panngraph:
The design methods and procedures for flood damage abatement are contained in this manual.
On page 6, either eliminatz the Type 2 Sysnem from Figure 1.13or explain that this system is unstable and is not allowed.

Sec Appendix, page E-30, item 2.
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2.

13.

14.

15.

16.

FEMA 85 ' HUD Handbook 4930.3
Change the first paragraph, second column, page 1810 read as follpws:

Because it iz highly unlikely that maximmm wind forces and maximum flood joads will ocour simultanecusly on ome
srucwure, designs should be prepared separatzly for the two loads {wind and flood). The most critical design is that which
should be used. : .

Sec Appendix, page E-31, item 1.

FEMA 35 HUD: Handbook 4930.3
Add & new paragraph. beneath Figure 4.2 in columa 2:

FEMA recommends that foundations designed to resist combirations. of wind and flood loads be designed to resist the
wind loads in ASCE-7. :

See Appendix, pages E-31, item %, and E-32, items 2 and 4.

FEMa, 25 ' BUD Handbook 4530.3

Add & paragraph beneath the chan in column 2 of page 45:

The chan above was developed hased upen tew results for ground enchors in dry soil. FEMA recommends that ground

anchors not be used for flooding conditions unless data for anchors in saturated soil i presented Lo the Building official to

show safe working loads of the enchors thet excesd 22004 :

Sec Appendix, puge E-32, item 3.

FEMA 85 Manufactired Home Construction

& Safety Standards

HUD Handbook 4%30.3

In Appendix E, change Table E.1 and add & footnote io Table E.l,page 99; pisce an aserisk next 1o each Wn:r Height
Differcnce >6"s0 that the headline reads:

L 42 4B

* Floor-to-frame  screw anchorage exceeds the wind uplift requirements of the Federal Marufuctured Hoursing Construction
and Safety Standards. Additional screws are needed. Use a screw design force eguivalent to the T, for the actual design
minus. T, for 6° Difference in Water Height. Example: 24 Wide Home, 427 Water Height Difference, use 2330.5#-

124 44 = 22568,

Ser Appendix, pages E-29, item. 1, and E-33, item 2.

FEMA, 85 CABD OTFDC, Appendix C
On page 22.2dd & last senkence 1o the panagraph above Figuee 1.10:

Exception: The requirement for 30° bucial can be waived in those sinmtions where scouring is not expected. Place
footings st & depth of 127, 0r the froe line, whichever ix deeper.

See: Appendix, page E-34, item 3.
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10,

1.

. FEMA 54 (Wood) - o | |  CABO OTFDC

FEMAS# should include "decay resistant wood.”
See Appendix, page F-7, item 1

FEMA 55 (4.1.1 Wind) _ CABO OTFDC
FEMA 55 (G-14 Reference Documents) -
FEMA 114 (Appendix C - Forces)

" No. 85-3 (II. Wind and Water Forces)

No. 88-1
FEMA 55, No. 85-3, and No. 88-1 should update its reference and confirm that- the wmd load provisions are

consistent with ASCE 7-88. The 1992 OTFDC does refersnce ASCE 7-88,
FEMA 114 shouid update the wind speed maps to the latest editions.

See Appendix, page F-9, item 2

. See Appendix, page F-23, item 1
See Appendix, page F-28, item 5

See Appendix, page F42, item 1
See Appendix, page F-43, item 1

FEMA 55 (4.1.4 Effects of Forces on Higher and Larger Structures) I N CABO OTFDC
FEMA 55 should provide velocity pressures (psf) for varied wind speeds and building height.

See Appendix, page F-10, item 1

FEMA 55 (4.2.1.2 Main Supporting Members Wood, Beams) - " CABO OTFDC

FEMA S5 should provide more specific nailing and splice details. OTFDC should provide more specific splice

details.

See Appendix, page F-10, item 4

FEMA 55 (42.14 Wood Preservative) -~ " CABO OTFDC
FEMA S5 should list some of the AWPA standards.

Sees Appendix, page F-11, item 1

' FEMA $5 {4.22 Masonry Materials and Concrete)  CABO OTFDC

FEMA 55 should add reference 10 ACI 318.

See Appendix, page F-11, item 2

482




12,

13.

14.

15.

16.

1%

18.

FEMA 55 (43.1.2 Piles) . CABO OTEDC

FEMA 55 should emphasize that type of pile, pils depth, and method of mstaﬂlatmu shoutd be based on the soit's
mmugam

See Appendix, page F-12, item 3

FEMA 55 (4.3.1.4 Piers) ' ' CABD OTFDC
FEMA 55 should ciacify that the reinfnréing, footing size, and grade beam size should be based on the design forces.
See Appendix, page F-12, jtem 5 | _

FEMA 55 {4322 Beams) _ | _ . CABC OTFDC
FEMA 55 should provide nailing requirements for buili-up members. 7 | |
See Appendix, page F-13, item 2

FEMA 55 (4.3.2.3 Joists and Rafters) CABQD OTFDC
FEMA 55 should delete the reference 1o rafters.

See Appendix, page F-13, item 3

FEMA 55 (4.3.24 Subflooring) ' " CABO OTFDC

_ The provisions are compatible. FEMA 55 should provide some recommended nail spacing and spans. FEMA 55

should permit the use of particleboard sebfloors.

See Appendix, page F-13, item 4

FEMA 55 (43.2.5 Studs) CABOC OTFDC
FEMA 55 shouid sddress the length of the stud in addition to the number of stﬁries which the stwd suppars.
See Appendix, page F-14, item 1

FEMA 55 (4.32.6 Wall Sheathing} ' | CABC} OTFDC

FEMA 35 should provide additional information addressing the wind speed in addition to hclgm above grade.

‘See Appendix, page F-14, item 2
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19.

21

' FEMA 55 (43.2.7 Wall Bracing) . - CABO OTFDC

FEMA 55 shouki combine 4.3.2.6 Wall Sheathing and 4327 Wall Bracing into one section and address the design
requirements for the wall bracing method chosen.

See Appeudix, page F-14, item 3
FEMA 55 (4334 Knee Brac:ng) ' CABO OTFDC

FEMA 55 should emphasize that the wood foundation pnlx should be des:gned for the additional moment -
introduced into the pile Erom the knee brace.. - -

See Appendix, page F-15, item 1

FEMA 55 (4332 Grads Beams) | ~ CABO OTFDC

FEMA 355 should emphas:ze the need to design the gradc bcams 10 assure tha: they are actually prcmdmg lateral
support of the piles.

See Appendix, page F-15, item 2

FEMA 55 (4.3.3.3 Truss Bracing) _ - CABO OTFDC
FEMA 55 should emphasize. the need to design the bracing members.

See Appendi, page F-15, item 3

FEMA 55 (4.3.3.4 Shear Walls) " . ~ CABO OTFDC
FEMA 55 shqulﬁ address wood shear walls for wood pile foundation.

See Appendix, page F-15, item 4 | |

FEMA 55 (4.3 .4.4 Floor Beﬁm to Pile, Post, or Pier) CABO OTFDC |
FEMA 55 should provide some design vaiues or wmd speeds for wmch the connections are appropriate.

See Appendix, page F-16, item 1

FEMA 55 (4.3.7 Wind and Storm Protection of Interior) L CABO OTFDC
FEMA 55 (4.3.7.1 Window Selection)

FEMA 55 should reference the window standards and require the windows to be designed for the wind pressures.

See Appendix, page F-16, item 4
See Appendix, page F-17, item 1
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32

FEMA 35 {43'.7.4 Roof Materials) CABO OTFDC
FEMA 55 should emphasize the need 1o have the roof cavering to withstand the uplift from the wind.

;Srce Appendix, page F-17, item 4

FEMA 55 (G-3 Scope)  CABO OTFDC

Since market valug is a variable based on location, economy, eie., FEMA 55 should rcquir:'compliance forall
improvements since noncompliance of any part of the structure makes the entire structure out of compliance.

See Appendix, page F-20, jtem 1
FEMA 55 (G-6 Determination of Loading Forces) CABO OTFDC

FEMA 55 should update its reference to ASCE 7-88. FEMA 55 should also address snow and seismic loads. The
1992 OTFDC does reference ASCE 7-88.

Sce Appendix, page F-20, item 4

" FEMA 55 {G-9 Roof Sheathing) _ CABD OTFDC

FEMA 55 should permit particleboard roof sheathing provided it is of the appropriate s:rength and does oot
deteriprate in the moist coastal environment.

See Appendix, page F-21, item 4
FEMA 55 (G-13 Certification Requiremenis) CADBD QTFDC

FEMA 55 should provide parameters for which sections 7 and 8 are appropriate {wind load, height above grade,
ete.

See Appendix, page F-22, item 4

MCRB (TILA.1 Unreinforced Block) " CABO OTFDC
MCRE (IIL.A.2 Reinforced and Grouted Block)

MCEB should reference BLA and ACLIASCE 530.

See Appendix, page F-30, item 1
Seec Appendix, page F-30, item 2

MCRE (II1.A4 Reinforced Concrete) CARC OTFDC

MCR“B should reference ACT 318,

Ses Appendix, page F-30, item 4
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35.

MCRB (IILB.1 Basement Slab)

CABO OTEDC

MCRB should provide site preparation requirements, minimum compressive strength, and vapor barrier

requircments.

See Appcndh:, page F-32, item 1

MCRB (II1.B.9 ‘Anch.‘orage)

The MCRB.sho_uld be changed to comply with current model codes.

Sec Appendix, page F-34, item 1

' MCRB (II.C.5 Debris, Wind, Impact, Snow, Ice, and Other Live Loads)

MCRB should include wind, snow, and seismic loads.

Sec Appendix, page F-35, item §

. MCRB (V.A_ Structural Design/Analysis)

MCRB (V.A2  Designs, Methods, and Tables)

MCRB (V.A2a Building Model, Dimensions, and Loading)
MCRB (VAZb Structural Analysis Mode! (Wail)) '
MCRB (V.AZc Structural Plain Concrete)

MCRB {(VA2d Reinforced Concrete)

MCRB (V.A.2¢ Plain Masonry Block)

MCRB (V.A2f Reinforced Masonry Block)

MCRB (V.A2g Flood Waters Above Grade)

MCRB (V.A.2h Slab Thickness (Based on Bending))

MCRB (V.A.2i" Structural _Slab Design (Ultimate Strength Design))

See _Appeﬁdixf page F-_SG. item 1

- 4F6
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CABO OTFDC

- MCRB should not reference a singlc:mOQel code. MCRB should reference only nationa! consensus documents.
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Recommended Changes to the BOCA Natlonal Building Code

FEMA ENE: Analvsis

NFIP 44 CFR 39.1 1109.4 Both FEMA and BOCA. require the wall to be capable
Technical Bulletin 11120 of breaking away without effecting the structural
85-3 2101.6.4.2 integrity of the structure. FEMA reguires break-away

walls to resist wind loads but fail in respomse to
combined wind and hydrodynamic Joading. BOCA
requires all structures to resist such loads except for
coastal high-hazard zones where break-away walls are
permitted. FEMA references ANSI ASR.1, 1982 for
wind loads. BOCA references ASCE 7, 1982, the same
document by another name.

Recommendation: Provide exception to BOCA Section 11094 to address breakaway walls. See also
recommendation to 44 CFR 60.3{2){5).

- Suggested Code Change:
1109.4 Hydrodynamic loads:

For buildings located in flood-hazard zones (A Zones) or high-hazard zones {(V Zones), all structural components
located below the base flood elevation shall be designed to resist hydrodynamic forces resulting from velocity
waters during flooding to the base flood elevation.

FEMA BNBC Analysis
NFIP 44 CFR 603 2101643 FEMA’s provisions {Zone V) do not permit the use of

fll for structural support. BOCA does not include this
bmitation. Also, the FEMA reguirements include
subclassifications of zomes {(ie. Vi, VE, ewc) while
BOCA addresses the zones as Zone V.

Recommendation: It would be appropriate to propose a revision to BOCA to include this prohibition. See also
44 CFR 59.1 - Elevated buildings.

Suggested Code Change:
2101.6.43 Foundations:

All buildings or structures erected in high-hazard zones shail be supported on pilings or columns and shall be
adequately anchored to such pilings or columns. The piling shall have adequate soil penetration to resist the
combined wave and wind loads (lateral and uplift) to which such piles are likely to be subjected during a flood
to the base flood elevation. File embedment shall include consideration of decreased resistance capacity caused
by scour of soil strata surrounding the piling. Pile system design and installation shall also be made in
accordance with provisions of Section 1213.0 and 1214.0. Mat or raft foundations which support columns shail
not be permitted where soil investigations required in accordance with Section 1202.1 indicate that soil material
under the mar or raft is subject to scour or erpsion from wave-velocity flow conditions. The wse of fill for
struciural support shall be prohibited.
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FEMA-S4, 55
Technical Bulletin
81

Technical Bulletin

88-2

'1801.4

- 1503.1

150332

150663

140L11
14026

1oL

1702.1

170326

1704.1.1
170253

- (Supp)
Appd. C

Analvsis

BOCA states thar steel shall be protected for exterior
use with a shop or field coat to preveni corresion.

- BOCA and FEMA rcquire structural steel work and

formed steel members to be corrosion protected but
BOCA does ot specifically address connectors. FEMA
recommends the use of hoi-dipped galvanizing for
structural steel and the use of stainless stecl.  FEMA
recommends regular inspection and maintemance of

- metal parts. No regular inspection parameters are

stipulated in BOCA. FEMA recommends that the use
of dissimilar metals be avoided due to potential for
id o , ,

" BOCA requires that admixtures, if used, shall follow

requirements of ACI 318, ASTM C260, ASTM (518
and ASTM C989 depending on the type used. FEMA

. doasnotincludcrequirementsforthcuse_ofadminures.

BOCA dtes that concrete shall be proportioned to

provide the average compressive strength as.

by ACI 318, not less than 2500 psi FEMA does not

include the standard. FEMA acknowicdges the effects

of concrete exposed to salt laden air but ‘does mot
ide criteria. BOCA prescribes minimum concrete

properties (w/c, fc) for concrete exposed to sea water.

BOCA and FEMA require increased concrete cover to

FEMA acknowledges the effects of salt laden air on

" - meortar but does not provide types of mortar which are

acceptable. BOCA also does mot prescribe spedific
masonry mortar types for masoary exposed to sait ladea
air,  BOCA requires that mortar is to comply with

BOCA requires that pressure treated wood shall
conform with siandards AWPA C1, C2 and C9. BOCA

‘ references NFoPA NDS which requircs galvanized shect
for me!:al plate connector joints (8.103). BOCA requires
galvanized

stecl connections when the frame is more
than one story in height and the studs are mot
coatinnous from the sill to the roof. FEMA requires all
connections to be corrosion resistant. FEMA states that
wood shall be treated to resist fungus, insects, bacteria,
and rot and the treatment must be designed to keep
water out. FEMA and BOCA's preservative treated -



FEMA recommends either 1x4 or Ix6 boards laid

_ diage over joists or exterior type plywood foliowing
the guidelines of APA "Plywood Construction Guide®.
an exterior glue while BOCA requires exterior,
waterproof type plywood in all exterior uses, but allows
either interior type, moisture-resistant type, ar exterior
type in intericr applications. BOCA does not stipulate
glue between layers for piywood. FEMA stipulates
annular ving ‘nails or deformed shank mails while
BOCA's recommended fastening schedule (Appendix C)
permits common pails.

2103.3.10 Flashing requirements similar.
21025 " BOCA requires that ewterior walls of alternative
materials be weather-resistant but does not mention
' 210166 BOCA inciudes a general performance regulation which
. 2101633 reqguires. "All buildings...  shall be constructed with

materials resistant ko flood damage..." BOCA makes no
explicit provision to cvaluate finishes intended to be
periodically submerged. FEMA requires Bnishes to
withstand immersion for 160 hours without damage.

19011 FEMA recommends & 0.7 mil. anodizing fnich and/or
vinyl finish for aluminum elements such as doors,
windows, gutters and flashings. BOCA references AA-
SAS30 and AA-ASM3S for aluminum used for structural

 purposes. No similar reguirements, :

FEMA and BOCA require corrosion resistant fasteners for pressure treated wood but neither provide definitive
criteria for masonry or concrete. It is recommended that FEMA inciude & general provision to address moisture
protection and BOCA revise its currcot text. Suggested language i Construction materials, including
connections, shall be resistant to water damage such that conditions of corrosion, deterioration or decay will not
ocCur. .

Mdﬁnﬂkg,mmmﬂmnﬁdﬁm&gmnmﬁahhmmfmmm concrete and
masonry. Also, BOCA should include performance related text to address FEMA reguirements for finishes.
All buildings or structures erected on flood-hazard zones (A zones) or in high-hazard zomes (V Zones) shall be
constructed with materials resistant to flood damage and be constructed by methods and practices that minimize
flood damage. '_-ma;mials,' shaﬂbemmmmmdamagnmm

.
.
gecavwall po




YEMA BNBC = Anahnis

FEMA-55 ' S 12190 : FEMA recommends minimum timber pile sizes and
: ' 12180 . cites the advantages of square vs. round piles. FEMA
: - recommends concrete piles when higher capacity or
longer lengths are needed BOCA does no stipuiate
minimum timber pile sizes but rather relies on a design.
BOCA specifies a minimum lateral dimension for
precast cancrete piles of 10°. BOCA relies on a
o designed system to support the loads. :

12130 . FEMA dites the effects pile embedment has on the

12140 o structural capacity of the pile. FEMA provides
2101643 -recommended pile penetrations. BOCA does not

stipulate minimum pile embedments, but rather relics on
a design. BOCA requires pilc cmbedment to consider
scouring in high hazard zones (V Zonc) only.

1150 FEMA provides details of typical methods to install

1219.0 * piles. BOCA does not prescribe the installation details
for piles with the exception of cast-in-place concrete

Recommendation: FEMA requires scour around piles to be evaluated for all pile installations while BOCA

specifically cites scour for V Zones. n_isr;mendﬂdthﬂBDCAindndeu-forAZowsinﬁhﬂpthntm

Suggested Code Change:

201632 Auchorags: . D

mmMMdmbﬂﬁgmmthmmderMHMm'

mﬂapse,orpemmenthteraimmmen:ductomrdlmdsmdm&omﬂoodingequaltothcbase-'
mﬁshaﬂbedemped_hmdmuﬁ&_&&omﬂﬁﬁmdn@.&mw
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EEMA BNEC  Auaiwis

FEMA-114 2101632 ' Anchor bolts of &2 1/2° diameter with 3 madmum
2101643 spacing of 4 feet and an embedment depth of 18° are
21 required by FEMA. BOCA’s cmbedment depths are 8°

(concrete) and 15 (grouted masonry). The total
reaction force due to hydrostatic, hydrodynamic and/or
impact loads must be transferred through anchor boits
into the supporting system. FEMA permits expansion
anchors as a equivalent means of anchorage. BOCA
includes performance criteria which requires the anchors
to resist floatation, collapse or lateral movement.
However, BOCA’s anchorage provision for wood
specifies that the agchorage must resist wind uplift and
the maximum spacing is 8 feat.

Recommendation: EOG&:heuldreﬁseth:-prmﬁﬁomofSeﬁml?ﬂSlnmmfmwﬁzdaﬁgnubehg
capable of resisting both uplift and lateral forces due to flooding {(and wind). See also FEMA-54-Pier foundation .
connsctions. _ :

{92 Supp) 1703.2.11 Foundation anchorage: _

Waﬂsiﬂphtes,minimmof}inchbyd-hchmbers.‘shallbeﬁmdandmchmadmfomdaﬁmwﬂsmpim
mdumed:ﬂemtern]aumqmredmrwﬂmduph&. - d below the base fiood
=AEYALOD 10 aecordance with section 210 shah De 5izec and anchored 1o aceordapce with tion 131094,
oundation anchorage shall be by the use of anchor balts or other approved anchoring method. Anchor bolts
shall be & minimum diameter of 1/2 inch. The bolts shall be embedded in foundations to a depth of not less
nhmﬂh:he.s(Zﬂaimm}ufpomed-h-phcamcrete,andmtlusthanﬁind:uﬁ&lm)ingpumdunit -
masonry. Thae:haﬂb::mhimmufﬂuuchmbohswwﬂimufph:emdmbahs:hmﬂbephmd
12inchu-{305‘mm}ﬂ'nmtheendofeachucﬁonof.phtewﬁhinme_diaubnhsspamslmaﬁmumofd;feet
(1219 mm) on ceater. _

=3l plates fox

Exception: All buildings or structures located in scismic map areas having a peak velocity-related aceeleration
(A,) equal to or less than 0.05 in accordance with Scction 1113.1 and buildings of Use Group R-3 located in.
seismic map arcas having a peak velocity-related acceleration (A,) less than 0.15 and agricultural storage

bolt spacing of 8 fest (2438 mm). : '



Technical Bulletin -~~~ 210165 ~ FEMA recommends that elevator equipment be located
- R4 o _ - .above the BFE or be water-resistant.  Further, clevators
: . . ; ' shouldbemtcrlo&edtoenmrethatthecab
' automatically stays above flood water. BOCA requires
_all mechanical/electrical equipment to be placed above
the BFE or protected to prevent water entering the
eqmpmentorsyste.mdurmgﬂoodsuptotheBFE.

'-Reeommendanon. AddaMwmmz'Emergencyopemnonofdwamfwmqmdmm
tommﬂymmtoapmdstemmedlcvelammcﬁmmtheevmtofﬂmdmg

Technical Bulletin90- 1204 'FEMA requires manufactured (mobile) homes 10 be

4 : - 62031 : placed so that the lowest floor is either above the BFE,. -
. ‘2018 . or placed o 36° piers (zbove grade), oc in an existing .
2101632 park, FEMA describes various foundation/anchorage
2101643 methods and speaks to soil bearing capacity and proper
210165 embedment of piles to resist scour. FEMA requires
2101L6.7 . Manymmum;ﬂmdwayhemﬁsdthu

210069 such encroachment would not raisé the BFE. Such

L provisions which prescribe acceptable land- use are

outside the scope-of the BOCA Code. BOCA requires

manufactured housing to be designed and built to resist

the same flood forces as site built, which does pot

: prwndefm%‘pmsmd/mphmembelowthem
fmrwﬂenualmm. :

ms
_ Gmsiwrefcttoﬂoqdfmnnd/umfethWMTofmmm
6203.1Amh:n¢ndu=-dm

Echwhgwﬁwmobﬂemmuwmddwhdmhrm&zmmpmmm
or uplift. The owper of the parking shnllanchoruruusetobem&medaﬂ mobile units located on the
parhngspace. Where concrete ‘orms are provided for the parking of mobile units, snchorage shall be
wmdedbyeyehm.hddeﬂmthmauamh:@mean:hmﬂamahmhmmnﬁmbhmem
..Themchongeshlﬂbeadeqmtetomlh:tmdformanduphﬁaswqmmd in Article 11 for buildings and.
mmﬁ.hmdupmthemandwu@ofthem and clevate: equired by jon 2101.6.7 for {

(1004
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Recommended Changes to the SBCCI Standard Codes

Standard Building Code
NFIP SBC Analysis
603(b)(8) Mamnfactured Home Hid53 NETF requires marufactored homes to be installed to
Installations resist floation, collapse, and lateral moveman: 10

minimize flood damage in addition o 2nchering
requiremems for wind. SBC requires only anchorage for
wind.

Recommendation: None since SBC does not address flotation as a forcs. Appendix H should reference the SBCCI
Standard for Floodplain Management.

Sugpested Code Change jor addition]:

H1053.6 Fioodplain _For manufacturad homes located within the resulatory floodplain, refer to the SBCCT Standard for
Floodpiain Managemen

Zloodpiaip vanagement,



FEMA 55 SBC Analysis
4232 Steel(Page 4-11) Chapter 15 FEMA 55 addresses the probiem of corrasion of
‘ ‘ . unprotected steel shapes-and anchoring-devices (nails,
bolts, etc.) and the need for regular inspection,
- maintenance, and replacement of corroded metal parts.
. SBC requires the design of stect construction 1o comply
* with the appropriate standards. SBC does not address
corrosion in coastal enviconments.

Recommendarion: SBC should address mﬁmibn -pror.cction--in coastal areas.
Suggested Code Change {or addition]:
1502 PROTECTION FROM CORROSION .. -

Structural steel exposed directiv to the weather or subject to salt corrosion in coastal areas shall be hot-dipped galvanized after
fabrication.

(Renumber existing 1502 through 1511)

58-2



FEMA 55 SBC Analysis

43.7.4 Roofing Materials (Page 4.54)  1205.1 FEMA 55 emphasizes the need o use self-sealin E
T 3202 heavyweight shingles 1o avoid the possible loss of roofing
material in high winds. SBC raquires all parts of the
building to be designed to withstand the appropriate wind
loads.

Recommendation: FEMA 55 should emphasize the need to have a roof covering designed to withstand the uplift
from the wind. SBC should emphasize that the roof covering should be designed to 1205 ‘ e

Suggested Code Change [or addition]:

. (Reoumber existing, 3202.1,1 and 3202132) -

5B-3




Appendix D Floodproofing Chapter 12 FEMA 102 lists the type of loads which the floadproofed
Performance Criteria ‘ j structure may be subiected. SBC requires the structure
Appendix D.B° Design Loads to be of sufficient strength 10 support the loads and
(Pages 182-186) ' , forces encountered.

Recommendation: None since both FEMA 102 and SBC require the structure 10 be designed for the loads and forces
encountered. SBC should address hydrostatic, hydrodynamic, and tuoyance forces in floodplain arsas.

FEMAILL  sBC . Anatysis

62 Considerations. (Floodwalls) ‘120t.1 FEMA 114 addresses the use of floodwalls 10 protect
(Pages 111-114). - “structures from flooding and emphasizes that tremendous

forces are created by high water levels and velocities,
SBC does not address floodwalls but does require
"structures 1o be designed for the loads and forces
encountered.

Recommendasion: SBC should address bydrostatic, hydrodynamic and buoyance forces in floodplain areas.

FEMA 114 | . sBC  Analysis
Appendix C - Forces : . Chapter 12 ~ FEMA 114 addresses hydrostatic loads, hydrodynamic
(Pages 197-207) . _ ‘ . loads, impact loads, and wind loads. FEMA 114 also

provides definitions, application and methodology for
design. SBC requires design for all forces encountered
but does not provide methodology. Section 900.4 of the
SBCCI Standard for Floodptain Management addresses
hydrostatic and hydrodynamic loads.

Recommendation: F'EMA 114 should update the wind spccd rnaps to the latest editions and address snow and sc1smlc
joads. SBC should address hydrostatic, hydrodynamic, and buoyancy forces in floodplain areas. S

Suggested Code Change [or addition]:
| 1209 FLOODPLAIN

1209.1 General
For construction located within the regulatory floodplain, refer to the SBCCI Standard for Floodplain Management.

1209.2 Structural

In addition to t rovisions shall be made for hvdrostatic, hvdrodynamic. and

loads of this chapter.
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FEMA 55 SBC

4.1.2 Salt Air, Moisture, and 173
Wind-Driven Rain
{Pages 4-7, 4-8)

Recommendation: SBC should address corrosion.

FEMA 55 SBC
5-8.1 Connector and Fasteners 12011
(Page G-5) ' '

Analysis

FEMA 55 provides general discussion of the hazards of
salt air, moisture, and wind-driven rain on wood, bolts,
nails, and connectors. SBC requires wood subject 1o
damage from decay and termites to be naturally durable
ar pressure treated. Chapter 17 of the SBC is for light
frame conventional construction having light Joads and
located in noncoasta) areas.

Analysis

Both FEMA 55 and SBC require the connectors o
support the loads and forces encountered. FEMA 55
does mot permit toe naiing. FEMA S5 requires metal
connectors and fasteners to have corrosion protection.

Recommendarion: FEMA 55 should not prohibit toe nailing if the connection is adequate for the calcnlated loads.
SBC should address corrosion protection of meal connectors.

FEMA 55 STM™

G-8 Anchoring Standards 601.1
G-8.1 Connector and Fasteners 801.1

G382 Beam to Pile Conneactions 8013
G-83 Floor 10 Deck Connections
G-84  Exterior Wall Connections
G-E5 Cellng Joisy/Rafter
Connzctions
G-B.6  Projecting Members
(Pages G-5, G6)

-

- Both FEMA 55 and SFM all components to be securely

fastened and adequately interconnected. Lo resist the: joads
anticipated during flooding. FEMA 55 requires corrosion.
protection for connectors in exposed locations. SFM
does not address corrosion proection.

Recommendation: SFM should address corrasion protection of metal connectors.

Suggested Code Change {ar addition]:

17054 Floodplain Areas
Metal

d directly to the weather or subjsct ta salt corrosion in coastal arzas

shaill be stainless stee] or hot-dipped gatvanized. after the fastener or conpector is fabricated.
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S;andarﬁ Mechanical Code

60.6 ~ Variances and Exceptions 02 .

60.6(c)(2)(i) Flood-Proof Wall 303

NFIP requires me basemen! area, logcthcr with uul;ues

“and sanitary -facilities below the flondproofed design level,
.10 be watertight with walls.that are-impermeabie 1o the -

passage of water without human intervention. The SMC
allows underflow installation but does not specify
minimum clevations for equipment. This is addressed in
602.1.2, 602.5, and Chapter 9 of the SBCCI Standard for -
Floodplain Management.

Recommendation: 'Ihc SMC should be revised 1o referen‘ncr the SBCCI Standard for Floodplain Management.

FEMASE SMC
Mechanical Equipment 302
(Page 93, Paragraph 2) - o303

FEMA 54 requires all mechanical equipment 10 be -
clevated above expected flood waters, with indoor

" components preferably instalied in attics. The SMC

altows attic installation but does not specify minimum
elevations for equipment.

Recommendation: These sectlons of the SMC should be revised to referencc the SBCCI Standard for Floodplam

Management.
Chapter 4 - Structural Design ~ ~ Ch.3
‘Section 4.3.6 Utilities - 607
(Pages 4-50 to 4-52) - 607.3.1.5
_ et
303

Anahysi

FEMA 55 requires all mechanical eqmpmem to be

elevated above BFE, and fuel piping be on the leeward

- side of columns/piers or enclosed in shaft. The SMC
aliows attic installation of equipment, but does not specify - -

minimum clevations for equipment. The SMC reguires -
fuel piping to be suppurted and protcctcd from physml
damage.

' Recommendation: (1) For r.quzpmcnt location - the SMC should be revised to reference the SBCCI Standard for - .
Floodplain Management (2) for fucl pipe protection - None both address the issue only in different directions. FEMA-

- presctiptive SMC - performance,



FEMA 55 _ SMC

Appendix G "Sample Coastal 302

Construction Code® 303
12, Utilities

{Page G-S}

Analysis

FEMA 55 requires all mechanicat eguipment 1o be
elevated above expected flood waters. The SMC allows
such installations, but does not specily minimum
equipment elevations,

Recommeandation: The SMC should be revised 10 reference the SBCCI Standard for Floodplain Managcmen:

FEMA 102 SMC
Ca. IV Other Floodproching 302
Measures 303
€. Ultilities
{Pages 99-105)

308

 Analvsis

FEMA 102 requirss mechanical equipment 1o be
elevated above EFE or "floodprocfed”. Floodproofing
entails a watertight snclosure, with all penetrations into
the building pressure sealed. The SMC aliows such
instailations, with proper aceess and clearance to
combustibles.

FEMA 102 requires mechanicsl exhaust fans discharging
below the BEFE to be protected by flood shields. The
SMC requires exhaust to discharge cutdoors at a point
where it ™will not cause & nuisance” or 10 fi. abave 2
public walkway,

Recommendarion: - (1) Revise SMC 1o reference the SBCCI Standard for Floodplain Management (2) Revise FEMA
102 to reference the locally adapted model code for installation clearances.

FEMA 102 SMC
Appendix D "Floodproofing 302
Performance Crireria" 303

Part C "Performance Criteria”
Critecia #5 Heating Air-Conditioning
& Weatilation

{A) Location

{Page 192)

Anatysis

FEMA 102 requires that ali mechanical equipment be
instalied above BFE, or be enclesed in water-tight rooms.
Thae SMC allows elevated or enclosed inseatiation bt
requires access and clearance 10 combustibles.

Recommendation: (1) Revise FEMA 102 to reference the loca! model codes for aceess and clearance. (2) Revise
SMC to reference the SBCCI Standard for Floodplain Management. :
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" Appendix D "Floodproofing . 607
. Performance Critesia” _
Part C *Performance Criteria® _
. Criteria #6 Heating Air-Conditioning
- & Ventilation ,
-(B) Heating and Air. Conditioning ‘
(Page 192) 3062

' FEMA 102 requires that fuel systems below the BFE be

equipped with automatic shutoff vaives activated by rising
water. The SMC would not require or prohibit such
valves.

o

FEMA 102 requires all heating equipment be vented to a
level above BFE. SMC requires vent/chimney
termination 3 ft. above roof and 2 ft. higher than any

" portion of the roof within 10 ft.

Recommendation: Revise SMC to reference the SBCCI Standard for Floodptain Managc'ment.'

FEMA 102 o SMC

Appendix D "Floodproofing 307
. Performance Criteria” .. 308

Part C "Performance Criteria” .. Ch.5

Criteria #6 Heating

Air-Conditioning & Vennlauon

(C) Ventilation :

(Page 193)
s
510

FEMA 102 requires all ductwork located below BFE to
stope 10 drainage openings. The SMC does not require’

+ . conditioned air ducts to slope for drainage.

FEMA 102 requires ail ductwork located below BFE o
be anchored. against floodwaters. The SMC requires
adequate support per SMACNA, or ASHRAE.

FEMA 102 requires ali penetrations of the-building
envelope by air ductwork to have a closure assembly.
The SMC requires fire dampers at certain firewalls. -

Recommendarion: The SMC should berev:sul tﬁ reference the SBCCI Standard Floodplain Managcrhem.

 FEMA 102 SMC
Appendix D "Floodproofing 607

- Performance Criteria"

 Pant C"Performance Criteria®

- Criteria #6 Heating Axr-Condmonmg
& Ventilation - :

(D) Fuel Tanks and Lines

{Page 193)

FEMA 102 requires that fuel tanks and lines to be
located above BFE or anchored and protecied from
floodwater velocity/surge with a factor of safety of 1.5.
‘The SMC allows instaliation of fuel storage tanks either
inside or outside buildings but does not address uplift
forces. The SMC states that the piping shall be

- protected from physical darnagc

- Recommendation: Thc SMC should reference tank location, uphft farces, and the SBCCI Standard for Floodplam

_ Managemcnt.
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FEMA 114 SMC

Ch. 9 Protection of Utilities Ch. 3

9.4 Permanent Protective Measures
(Pages 160-153)

Analysi -

FEMA 114 requires utility connections 1o be abeve fiood
leve] shietding for basement appliances, elevated
instaliation for exterior appliances, suspension for
underilocr equipment, and anchering for fuel storage
tanks. The SMC allows these rypes of installations bat
requires minimen: clearances to combustibles and access
which is ignored by FEMA 114

Recommendation: (1) Change FEMA to reference locally adopred modei codes for clearances 1o combustible
materials and minimum aceess (2) changes the SMC to reference the SBCCI Standard for Floodpiain Management.

FEMA 114 SMC
Ch. © Protection of Utilities 607
9.8 Storage Tank Anchorage

{Page 166)

Analysis

FEMA 114 requires ancharage of fuel storage tanks.
The SMC allows instaltation of fu! storage tanks inside
or outside structures, but does oot specifically address
upiift forees.

Recommendation: Revist the SMC to reference the SBCCI Standard for Eloociplam Manag:ment and add & section -

of fuel tank anchorage.

Mo. 851 SMC
IV. Guidelines for implemensation 302
Al0 HVAC 303
(Page 11

Analysis

No. 85-1 requires that mechanical equipment either be
clevared or enclosed for protection. The SMC allows

enclosed installations, but does not spcctfy minimum:
elevaticns for equipment.

Recommendation: The SMC shouid be revised to reference the SBCCI Standard for Floodplain Management.
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FEMA 884 sMC  Analysis

Recommendation #1 Ch.3 No. 884 recjuin:s location of elevator equipmem‘a'boye
{Page 3) o S base flood elevation. The SMC aliows such installation
o : ' but does not specify minimum equipment elevations.

Recommendation: Revise the SMC to reference thé_SBCCI Standard for Floodplain Management.
Suggested Code Change [or addition]:
3014 FEquipment Installed in Floodplain Areas

All mechanical equipment and related a igs installed in the re
angd the SBCCT Standard for Floodplain Management.

Sugpested Code Change [or addition]:

607.4 Fuel Tanks : . '
Fuel storage tanks installed in the regulatory floodplain shall be installed sbove the base flood elevation or anchored and
protected from uplift and forces due to velocity/surge pressure with a 1.5 or greater factor of safety. Fuel storage tanks and
fuel supply lines shall be installed to satisfy the SBCCI Standard for Floodplain Management. o

5B-10




Standard Gas Code

NFP - . SGC

60.6 ~ Variances nd Exceptions ' Chapter 4
60.6{c){2)(i) Flood-Proof Walls

Recommendation: The SGC should be pevised to referspcs

FEMA 54 5GC
Figure 4.48 Protective Unility Ch3
Shaft - 3688

{Page 92)

Analysis

NFIP requires the basement ares, together with utilities
and sanitary facilities below the floodproofed design level,
1o be watertight with wails that are impermeable 1> the
passage of water without human intervention. The SGC
Qefers to the SMC for acesss and clearance, but does
specify minimum combustion air and v:nnng criteria.
Utility location and floodproofing are addressed in
602.1.2, 602.5, and Chapter 9 of the SBCCI Standard for
Floodplain Management.

the SBCCI Standard for Floodplain Management.

Analvsis

FEMA 34 requires gas piping serving an elevated
struclure 1o be installed on the leeward side of
postjcolumns ar enclosed in a protective shaft. The SGC
requires piping to be supported and allows a shaft
enclosure,

R:cammenda.twn. The SGC should be revised 1o reference th: SBCCI Standard for Floodplain Management.

FEMASY - 5GC

Mechanical Equipment Ch. 4
{Page 93, Paragraph 2) 402.4

Analysis

FEMA, 54 requires al! gas-fired mechanical equipment to
be slevated above expected food waters with indoor
components preferably instalied in auwic. The SGC defers
to the SMC for access and clearanecs, but does specify
minimum combustion air and venting criteria.  Ductwork
is covered in the SMC.

Reconumendation: (1) Revise FEMA to caution that fuel-fired equipment must be instalied to local codes {2) Revise
SGC to reference the SBCCT Standard for Floodplain Management.

FEMA 55 SGC
Chapter 4 - Structural Design ‘Ch. 3, 308
Section 4.3.6 Utilities Ch. 4,

4024
(Pages 4-50 to 4-52) :

Analysis

FEMA, 55 requires all gas-fired equipment 1o be elevated
apave expected flood water and gas piping 1o be installed
on ihe leeward side of postsicolumns or encicsed in
shafts. The SGC defers to the SMC for access
requirements, but does specify minimum combustion air

and venting. The SGC requires piping 1o be suppomd
and woold allow the shaft.

Recommendation: (1) For elevation revise the SGC 10 refersnee the SBCCL S:andard for Floodplatn M’anagemem (2}
Fnr fuel supply - reviss FEMA to reference model codes for instaliation. : :
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" FEMA 55 SGC
Appendix G Ch. 4

"Sample Coastal Construction Code®
12 Utilities -
(Page G8)

Analysi

FEMA 55 requires all gas-fueied mechanical equipment
1o be elevated above flood waters. The SGC ailows
clevated installations but also requires minimum
combustion air and venting criteria.

Recommendarion: (1) Revise SGC to reference the SBCCI Standard for Floodplain Managcmem (2) Revise FEMA

55 to reference local model codes fnr installation.

FEMA 102 : ~ SGC
Chapter TV Other Flocdpraofing 402
Measures 611
C. Utilities
(Pages 99-105)
611

Analysis

FEMA 102 gas-fired mechanical equipment to be
elevaied above "BFE" or "floodproofed.” Floodproofing
entails a watertight enclosures for equipment with all
penetrations of the building envelope pressure sealed.
The SGC altows equipment enclosure with proper access.
Adequate combustion air and proper venting, -

FEMA 102 requires exterior gas natural draft vents
betow BFE to be protected by flood shields.. The SGC
allows very limited exterior venting.

Recommendartion: (1) Revise the SGC to reference the SBCCI Standard for Floodplain Manag’cmcnt' {2) Revise
FEMA 102 to reference the locally adopted model code for installation criteria.

FEMA 102 5GC.

' Appendix D "Floodproofing Ch4
Performance Criteria S 402.4‘

Part C "Performance Criteria”
Criteria #6 Heating
Air-Conditioning and
Ventilation

{A) Location

{Page 192)

Analysi

FEMA 102 requires that all gas-fired mechanical -
‘equipment be installed above BFE, or be-eaclosed in
water-tight rooms. The SGC allows elevated or enclosed
installation, but specifies minimum combustion air and
venting.

Recommendation: (1) Revise SGC to reference the SBCCI Standard for Floodplain Managsment. (2) Revise FEMA
to reference iocally adopted modsl codes for installation requirements.
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FEMA 102 SGC Analysic

Appendix D "Floodproofing Ch. 4 FEMA 102 requires that gas delivery systems instafled
Performance Criteria Ch. 5 below BFE be equipped with automatic shuloff valves,
Part C "Performance Criteria® Ch. 6 activated by rising water. The SGC would not require or
Criteria #6 Heating Pronibit such vaives,

Ajr-Conditioning & Ventilation :

(B) Heating and Air Conditioning 6083 FEMA 102 requires all gas heating equipment be vented
(Page 192) 10 @ level above BFE. The SGC reguires natural draft

gas venals 10 1erminate at least 2 fi. above roof and 2 [t
abowe any portion Of the roof within 10 f.

Recommendation: Revise SGC to reference the SBCCT Srandard for Floodplain Managsment.

FEMA 102 SGC Anatesis

Appendix D "Floodproofing Ch.3 FEMA 102 requires fuel storage tanks and lines to be
Performmance Criteria ch. 9 located above BFE or anchored and protectad against

Part C "Performance Criteria® : fioodwaters. by & factor of safety of 1.5. The SGC does.
Criteria #6 Heating not addrass uplift forees on storage tanks.

Ajr-Conditioning & Ventilation
{D} Fuel Tanks and Lines
[?‘agg 193}

Recommendation: (1) Revise SGC to reference the SBCCI Standard for Floodplain Management; and address
buoyancy forces on storage tanks. ’

FEMA 114 SGC Anatysis

Ch. 9 Protection of Utilities Ch. 4 Section 204 of FEMA 114 requires utility mni:::ﬁcns i}
9.4 Permanent Proteciive Measures Ch. 5 be above flood level, shielding for basement appliances,
(Pages 160-163) : elevated exterior appliances, suspension for underfloor

equipment and anchoring of fuel storage 1anks. The
SGC allows such instaliation but requires adequate
combustion air and venting.

Recommendasion: Ravise SGC to reference the Standard for Floodplain Management.
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No. 85-1 Analysis
TV. Guidelines for Implemcmauon “No. 85-1 requires gas-fired mechanical equipment to. be
- A10HVAC . - -+ elevated or enclosed for protection. The SGC allows
(Page 11) ' ‘ e . - enclosed installation but requires combustion air and
’ - clearances 10 combustible construction. .

99

Recommendation: The SGC should be revised 1o referenceé the Standard for Floodplain Management.

Suggested Code Change for addition]: '

301.1 Fuel Sum in l-'-‘loodg!.am Areus

this Code and. the SBCCY Slﬁhi:lérd for
Hoodglam Management, . T L
Suggested Code Change [or addition]:
401.1 Installatidns of Fuel-fired Equipment in the 'Floodgtain

All fuel-fired eguipment instatled in reguiatory floodpiain shall be instalied 10.satisfv this Code and the SBCCT Standard for
Floodplain Management. ) : ' .
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FEMA 114 SGC ~ Analysis

Ch. 9 Protection of Utilities Ch. 3 Section 9.8 of FEMA 114 requires anchorage of fuel

9.8 Storage Tank Anthorage : ‘ storage tanks. The Sgc does nor address uplift on LPG
(Page 166} tanks.

Recommendarion: Revise SGC to address uplift on LPG storage tanks.
Sugpested Code Change [or addition):

9033 Fusl Tanks

Fuel stora ¢ tanks installed in the regulatory foodplain shall be installed above the basc ﬂnnd slevation or anchnre and
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Standard Plumbing Ca_a’e_

NFP | SPC

60.6 ~ Variances and Exceptions 301.12

60.6(c)(2)(i) Floodproof Walis 1204.1

NFIP requires the basement area, together with utikilies
and sanitary facilities betow the floodproofed design level,
to be watertight with walls that are impermeable to the
passage of water without human intervention. The SPC

" prohibits deleterious discharge of sewage or other waste

and requires the water distribution system to be
protected ‘against backflow. This is addressed in 602.1.2,
602.6, 602.7, and Chapter 9 of the SBCCI Standard for
Floodplain Management, '

Recmmendmm:. ‘The SPC should be revised to referen'e_c the SBCCf Standard for Euodplain'ManageménL

FEMAS: | SPC

Figure 4.48 Protective Utility 407
(Page 92)

Anatysis

FEMA 54 requires water and DWV piping serving an
elevated structure 10 be attached 1o the leeward side of

posts/columns or enclosed in a protective shaft. The SPC.

requires plpmg to be protected from physical damage

Recamndmm The SPC should be revised to reference the SBCCI for Fiuodplam Management :

FEMASt .- SC
Septic Tanks  Appendix E
(Page 93, Paragraph 3) © 0 30112

e

FEMA 54 requires that septic tanks be floodproofed to

_stop floating and potential discharge of effluent. The

SPC requires proper installation and prohibits deleterious
discharge.

Rgcmmnendanm None since both approach the problem from different directions. FEMA - prescripiive SPC -
performance. The SPC should be revised to reference the SBCCI Standard for Floodplain Management.

Chapter 4 - Structural Design 407 .
Section 4.3.6 Utilities o
(Pages 4-50 to 4-52)

- Analysis
" FEMA 55 requires water and DWYV piping serving

clevated structures to be attached to the leeward side of
posts/columns or enclosed in a protective shaft. The SPC
requires piping be protected. from physical damage.

Recommendasion: The SPC should be revised to reference the SBCCI Standard for Floodplain Management.
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FEMA. 55

Appendix G :

"Sample Coastal Copstructior Cocde”
12 Uilities

{(Page G-E)

SPC

301.10

808

Ch. 13

Anahysiy

FEMA 55 requires sanitary sewer and storm drainage
systems with openings below the BFE to have backflow
valves where the lines pass through the building envelope.
The SPC requires a backwater valve only where a
drainage system may be subject 1o a backflow sewage.

Recommendation: Revise the SPC 1o reference the SBCCI Standard for Floodplain Management and include specific

criteria for the isolation of these lines.

FEMA 102

Chapter IV Other Floodproofing
Measures

C. Utilities

(Pages 99 - 105)

SPC

1302

Asalysis

FEMA 102 requires that baclowarer valves be instalied on
the building séwer &t a point where the piping is strong.
enough to resist the flood induced pressures. A
backwater valve is usually a swingcheck valve. Asan
alternate, all gravity sewer openings below the BFE may
be routed 10 2 sump, then pumped above BFE to the
lowest entrance to the sewer (Figure [V - 8). FEMA
alsa requires wells 1o be equipped with 2 watertight
casing that extends from one ft. above grade 1o 25 fr.
below grade to minimire contamiration. The SPC would
aliow the backwater vaive, but would prohibit the sump .
in situations where gravity sewer is available. (1308.1)
The SPC does not address well construetion.

Recommendation: {1} Revise SPC to reference the SBCCI Srandard for Floodplain Management. {2} Revise SPC to
aliow sumps and sjectors for flood areas even where gravity drainage is available,

FEMA 102

Appendix D "Floadproofing
Performance Criteria”

Criteria #7 "Plumbing Systems®
{B) Sanitary Sewer Systems
{Page 153)

SPC

301.10

Analysi

FEMA 102 requires on-site sewage disposal systems 1o
b2 designed o minimize foodwater effects. Sanitary
sewer sysiems whicth must remain i operation during a
flooding event should be desizned with a sealed holding
tank sized at 150% of anticipated demand. All vents
should extzand above BFE. The SPC will allow, in limited
instances, air admittance valves in lizuw of venting
termination above roof.

Recommeandation: Revise SPC 1o reference the SBCCI Standard for Floodplain Management and to prohibit air

admittance valves below BFE.

. FEMA 102

Appendix D "Floodproofing
Performance Criteria®

Part C "Pecformance Criteria”
Criteria #7 "Plumbing Systems"
{C) Waler Supply Sysiems
(Page 193)

M:.a.b's_g'

FEMA 102 requires that potable water supply systems be
protected from contamination during flooding. The SPC
requires prateciion of potable water.
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Recommendation: The SPC should reference the SBCCI Standard for Floodiplain Management.

FEMA 102 SPC
- ‘ 30110
Appendix D "Floodproofing Ch 13

Performance Criteria”

Part C *Performance Criteria®
Criteria #7 "Plumbing Systems”
(D) Backflow Preventicn

(Page 193) :

Analysis
FEMA 102 requires backwater valves on storm drain,
sewage and potable water supply lines installed at wells or

building exits, The SPC allows such valves but only
requires them for sewage backilow,

Recommendation: Revise the SPC to reference the SBCCI for Floodplain Management.

MCRB o SPC

Chapter III Basement - 30112

Construction 1204.1
(Pages 13.75)

Chapter V Basements in Floods
(Page 88-126)

Chapter VII Appendix A-Scils
Data

(Pages 164, 166)

Chapter VII Builder’s Guide
(Pages 198, 206, 209, 211-262)
Hydraulic/Hydrologic Manual -
(Pages 7-10)

Analysis

The majority of the MCRB does not address plumbing.
However, II1.B.B does address plumbing materials, sewer
systems, and potable water supply systems. MCRB
requires gate vaives on the sanitary sewer outlets from
the house, and the potabie water supply system to be
designed in such a manner o prevent contamination
from flood waters. . The SPC prohibits deleterious
discharge of sewage or other waste and requires the
water distribution system 10 be protected against
backfiow. This is addressed in 602.6 and 602.7 of the
SBCCI Standard for Floodpiain Management.

Recommendasion: The SPC should be revised to reference the SBCCI Standard for Floodplain Management.
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No 851 SEC Anatysis

A.11 Plumbing and Water Ch. 12 Ne. 85-1 Section A.11 requires that interruptible water

{Not in Scope) 12064 supply sources be protected from contamination by

{Page 12) check valve. The SPC does require backflow prevention.
30110 No. 85-1 requires z sealed holding 1ank for those disposal

systems required to remain in operation during a flooding
evenl. Sewage systems should have 2 moanual valve or & -
backwater valve at building penetration. . The SPC

requires a backflow valve far sewage reversal ‘oniy.

Recommendarion: (1) Revise SPC ta reference the SBCCI Standard for Floodplain Management; (2) Revise SPC o add
a principle for food piain areas.

No. 903 - SBEC Anahysis
Section D-2 Nia No. 50-3 requires utilities to be {1) above design ficod or
{Pages 1.6) (2} completely enciosed by the building's watertight walls

or {3) be completely watertight. ‘The SPC would not
prohibit such installation, but only regulates size of space
for setting fixtores,

Reconunendation: Revise SPC to reference the SBCCI Standard for Floodplain Management.
Sugpested Code Change [or addition]:

301.23 Principle Ng. 23
All plumbing systems in the resulatary finodpizin shall be installed 1o satisfy this Code and the SB CCI S:andam‘. for Floodnfam

Management.

Suggested Code Change [or addition}:

1308.1 Buikling Drains Below Sewer

Building drains which cannot be discharged to the sewer by gravity flow shall be discharged into a tightly coversd and vented
sump from which the liquid shall be lifted and discharged into the building gravity drainage system by automatic pumping
eguipment or by any equally efficient method appraved by the Plumbing Official.

EXCEPTION: In the regulatory floodplain where sravity drainase sewsrs are below the base flood elevation. a
sump and ejecter system satisfyine this section angd rhe SBCCI Standard for Floodplain Management may be used.

Suggested Code Change [or addition):

140323 In regulatoey floodplain, all vent terminals shall be abave the base flood elevation or protected in accordance with
the SBCCI Standard for Floodplain Management.

Stggested Code Change [or addition]:

E101.4 Al septic tanks installed in the regulatory floodplain shall be in conformance with both this Code and the SBCCT
Standard for Floodplain Management.
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Septic Tanks ' . 5012 | FEMA 54 requires septic tanks to be
(Page 93, Paragraph 3) . 6027 . S floodproofed [o prevent the tank
S : : ' from rising out of the ground.
- FEMA 54 and SFM requires the
tank to be designed to minimize or

eliminate discharge of éffuent mto
the fioodwaters.

Recommendation: SFM should sddress bucyancy forces on tanks.
Suggested Code Change [or addition]: -
602.7 Samtary Sewage Systems

New and replacement sanitary scu;age systems shall be designed to resist flotation and to minimize or-eliminate infiltration
of flood waters into the system and dwcharges from the sysu:m into ﬂood walers.
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Standard for Floodplain Management

FEMA 55 - | SFM Analysis

G-8 Anchoring Standards 601.1 Both FEMA 55 and SFM all components 1o be securély
G-8.1 Connpector and Fasteners L TH fastened and adequarely interconnected o pesist the loads
G-82 Beam to Pile Connections B0L3 anticipated during flooding. FEMA. 55 requires corrosion
G-83 Floor to Deck Connections protection for connestors in exposed locations. SFM
G-84  Exterior Wall Cognectians does not address corrusion proteclion.
G-8.5  Ceiling Joist/Rafter '

Connections
G846  Projecting Members
(Fages G-5, G-6)

Recommendstion: SFM should address corresion pratestion of metal connectors.

Sugpested Code Chanpe Jor addition):

Metal piates. connectors, screws, bolts. and nails d diractiv 10 the weathar or subjec: 1o salt corrosion in coastal areas
shall be stainless stee]l or hot-dipped gaivanized. after the fasiener or connector is fabricared.
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FEMA 114 - SsfM Analysis
© 98 Stoﬁgc Tank Storage : ' NA FEMA 114 addrfsses the need for proper anchorage of
{(Page 166) . : B tanks to prevent their flotation from the budyancy forces.
' , _ SFM does not. address anchorage of storage tanks. '
Recommendation: SFM should address anchorage of storage tanks.
Suggested Code Change [or additian): o

602.8 Storage Tanks

Storage tanks shall be grdgg& anchored to prevent movement and discharges from the tank into flood ﬁ"aters.
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No. B&-1 SFEM Anaiysis

Pages 1.5 801.1 Both No. 83-1 and SFM address wind Ioads. No. 88-1
contains & reference to ANSI AS58.1-1982. SFM
references 1205 of the Standard Building Code which
conains basic wind speed map, velogity pressure, and
coefficients in addition to referencing ASCE 7-88.

Recommendarion: No. 88-1 should update reference to ASCE 7-88 and address snow and seismic loads. Section
801.1 of the Standard for Floodplain Management should reference Chapier 12 instead of anﬁy 1205 {Wmd) i8]
include 1204 {Snow) and 1206 (Seismic).

Sugpesred Caa‘e Change [or additien]:

8061.1 Anchoring
All pew copstruction and substantial improvements within an area identified as a coastal high hazard area shall be elevated

on pilings or columns io accordance with 800.2, and securely anchored o resist flotation, collapse and permanent lateral
movement due 1o the cffects of wind, snow. seismic, and water loading values shall be that which equals or axcesds the 100
year recurrence interval. The minimum design wind-leading-vatues [0ads shall be that specified in Section-1205 Chapter 12
of the Standard Building Code. .
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Recommended Changes to ICBO Documents

FEMA-55 L.B.C, ’ Analvsis

4.2.2- Chapters 23 and 26 FEMA-55 has » brief paragraph on the use of ml.wriry and conerete in

Mesonry Appendix Chapter carrosive environments. The UJ.B.C. has specific design requircmems for
23, Davision V. CaNCECls ON COMTOsivE environments but does not address masonry in

similar siustions.

Recommendgtion: The U.B.C. should discuss the use of masoary in corrosive environments.
Syuggested Code Change: Section 2393 {s), fiml sentence. Revise as follows: When buildings or structures . . . . companents and

the prolectiog of all exposed elements from corresion. Balance to remain unchanged.

Also: Section 2394 {£), first sentence. Rewise 33 follows: When buildings or stroctures . . . . and
coanection components 1o comply with the requirements of Sestion 2354 (d) and showing the
protection of slf elements from the effacts of corrovion. Balance of paragraph to remain,

unchanged.
FEMA-55 U.B.C. Anslvsis
4331~ Chapter 28 .. . FEMA-5S discusses hé protection of I]'umi!u:m_l trim, windows. etc. in
Alvrmnum Appendix Chapter cOttosive environments. The U.B.C. does not sddress the use of these
3. types of aluminum products in cormsive situations.
Recommendation: The U.B.C. should address the protection of all materisls exposed 1o corrosive environments in Appendix
Chaptsr 23. . . -
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4.2.3.2-
Steei

Recomm ion:

EEMA-$5

Appendix G.8
Anchoring Standards

EEMA-55

Appendix G.10
Proteclion of

Openings
Recommendation:

Suggested Code Change:

. 23, Division IV

Chapter 27 FEMA-$35 discusses the protsciion of exposed steel in corrosive
environmenis and recommends regular inspection and maintenance of same,

Sec. 2510. :
. ; The U.B.C. does not discuss the protestion of sicel members.

- See recommendation for Section 4.2.3.1, '

See suggested code change for 4.2.2.

Anslysis
Sec. 1708 FEMA-55 discusses the protection of the intetior of a siructure from wind
Sec. 2516 and water action. The U.B.C. requires that openings below the base flood
Sec. 3201 elevation (BFE) be protected and that exterior assemblict provide a
Sec. 3208 - sweather-resistive barrier.
Sec.4208° - :
Appendix Chapter
23, Division [V.

The U.B.C. should address the protection of openings above the BFE from wind and water action.

Section 2396. Add Subsection ().
wave action shall be walantight to_protect the interior from water damage,

UBC Analysis
- Appendix Chapter FEMA-55 requires that the entire structural system be tied together 1o

. prevent flowation collapse or a permanent lateral movement duc Lo & base
flood event concurrent with the one-hundred-year design wind velocity,

. The U.B.C. requires that the structural system of a building or structure
shall be tied together to resist the flotstion. collapse, or permanent latersl
movement due 1o loads to flooding equal to the base flood elevation.

. Another provision requires that the structure be designed and tied together
10 resint basic wind speeds from 80 to 110 miles per hour. )

Appendix Chaptsrs
24 and 25.

The U.B.C. ahodld conﬁder one-hundred-year design wind velocities §omumn_lly with the base floor
clevation forces. -

Section 2396 (b). Revise first sonience as follows: " . . and hydrostatic loads and one-hundred-vear

gdesign wind gpegds.
upe. Analyais
None. FEMA-55 requires thal cxterior openings be designed and detailed 10

withstand high wind specds and recommends additional protection such as
storm shutters. The Uniform Building Code hes no such provision.

The Uniform Building Code should address the protection of exterior openings from wind and water action
that are above the base flood clevation. :

See suggested code change for 4.3.7.
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EEMA-35
Appendix G.11.2

Cenification of
Breskawsy Wails

Becommendation:

FEMA-54

Steel

Recommendation:

Suggested Code Change:

EEMA-114

6.2
Flood Wall
Considerations

Analvsis

LLEL,

Appendix Chapler.
23, Division TV.

FEMA-55 allows the use of breakaway walls designed for greaer joads
than taenty pounds per squave fooe il designed by 4 licensed sechitect or
enginser. The Uniform Building Code does not aliow the use of
breakaway walls that sre designed above rwenty pounds per square fool.

The Uniform Buiiding Code should recognize that the design of breakaway watls with a higher foads
considered may be appropmale under certain circumstences.

Section 2396 {f). Add 2 sentence as follows: Higher breskawsy wall Icads mav be used when spproved by
buildi fTicial

UBC. Analvsis

Chapter 1 FEMA-54 discusses the prowestion of seel strusturs]l members that are
Chapter 17 exposed 1o & corrogive envitonment. The U.B.C. does not have a specific
Appendix Chapler requirsment {or the protection of steel. Rither. it requires that a structure
23, Division IV, be mainwined in & safe condition which also has been interpretad as being

protected from corrasive environmemnts.

The U.B.C. should address.the protection of steel structural slements specifically in Appendix Chapler 23,
Division TV

Ser suggested code change for 4.2.2.

UEB.C. fvais
Mone. FEMA-114 discussas the use of flood wells in the protection of sesidentinl

siructures. the U_B.C. requires thar such buildings are elevated sbove the
base {lood eievation and has no provisions for such retrofitting of existing
residential structluras.

The U.B.C. should develop some provisions for the retrofiting of existing buildings or at lzast refar 10
approved national standacds.

Section 2396, Add Subsection th) as foliows: (hy Existing Ruildings, Existing buildings mav be

fl roofed using flood walls, wal r othera wed m s when goproved by the

armutrongispec-prolfema-doc.cda
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Recommended Changes to NFPA Standards
NATIONAL ELECTRICAL CODE (NFPA 70)

EENMA-54 NERA _J0 Adalysis

Service Mounting 110-13 Secure mounting of wiilities and mechanical equipment are sddressed
P. 92 in FEMA-54. NFPA 70 requires electric squipment to be secursly
P. 53 fastened 1o the: surface on which it is mounted.

Recommendation: Revize FEMA-54 1o clarify that electric equipmen: shall be securely fastened 1o the surface on which it is
mounted. Wooden plugs driven inio holes in masonry, concrete, pluster, or similar materials shall not be used. Undezrground
elecrric supply conduits or cables should not be fastened 10 walls, or struchures intended 1o break-away under flood conditions.

Suggested Code revision:

NFPA 70 (110-13(a}, 300-5(d}). '

Add the following sentence: Buiklings designed with breakawsy walls shall have slectric servicea secured to the sides of intesior
piles or within flood proof enciosures anached to interior poles. :
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Recommended Chagges to Manufectured Hogsing Codes and Stapderds

1389 CABO OTFDL, Appendix C
NEIP CABO App. € Analvsiy
§0.2 CABO App. C does not comuain any special provisions for the

instaflation of manufactured homes in flood hazard aress.

Recommendation: CTABO Appendix C should be revised 1o include o reference 10 the NFIP for manufactured home installetion in
flood hazerd areas. :

Suggested Code Change {or sddition]: Add 10 Appendix C Section C-101 - Scope, last §, lam sentence: Refer to Nationsl Flood

1) or_insullations _in bhazard arean.
3.5 Exteaded foundstion walls C-503.2 Appendix C itself does not cover foundation walls: however Section -

503.2refers o cibar provisions iz CABO by siating that relaining walls
used a3 permancnt perimeter enclosure must conform to the code
provisions for foundation walls. Section R-304, Foundation Walls,
prescriber pesific designa for masonry, soncrets and mone Toundation
walls. [Reference Tables R-304.3g,3b.] Mose of the prescribed designs
in the CABO Tables are usgble 1o resisr hydeosatic, bydmdynemic, or
impact ioads mpesified in FEMA 114. Hvdraulic venting of the
foundations, as provided in FEMA 114, is nct specified in CABC,

R-304.5 in CABC prescribes all wood foundation well designs. The
comparisons noted above sre applicsble.

Recommendation: Clarification in needed for the melﬂﬁm that designs subject 10 flood foads require spesiai
consideration for such loads that have ool been accommodsted in the tabulated degigna. '

Suggested Code Change [or wdditipn]: Add a sentence 1o the end of FR-304.4:

R-304.4 Deesign reqmired: . . . acoepled engineering practices.

ACCO in the desi in

EEMA 114 CABO App. C lysix

in Technical design 505 CABE (4505 requires that *wood fleor spport sygtams shall be fixed o
criterin — Anchorage peritssier foundalions in eecordance with this code.” CARO Figure R-
of superstrucure 1o 303 specifies the anchorage of sill plates to concrete foundations using
foundation Y% dbolta, 6" o.c. maximum. CABO Tabls R-402.32 apesifies joista

secured o xills using 3-2d nafls, toe meiled. Mo provision is made 1o
resist hydrostatic - lift-off of the floor.

Recommendation: Clarificstion is nesded in CABO 605 that additional anchorege may be needed o reaimt hydrostatic Lift in food-
prone arcar. Refereece w FEMA 85 mey muffice.

Suggesied Code Change [or addition]: In $C-505.add » sentence thet follows the second pentence in the szcond paragraph:

.. . vesiet the wind logd stated in this code. Note
preay where applicable.
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EEMA 114 | CABO App. € - Amsivsis

.14 Technical design C-602,C-603, CABO C-602 (Pier Construction) specifically excludes lateral wind and

criteria — Open C804,C-605 earthquake ioads from consideration in the application of the piers
foundations specified in this code. Note that the typical manufactured housing

foundation system uses diagonal ties that are secured to ground anchors
for lateral load resimance. CABO C-503 (Height of Piers) specifics
construction details for three height ranges of pier application. Each of
these designu is to be used with the anchors and ties specified in
Sections C-604 and C-605 respectively. The reiiability of ground anchors
in Aooded soils has not been demonstrated. It would be prudest at this
ime 10 specifically disallow their use in the flood plaina.

" Recommendstion: Clarification is needed in CABO 0 caution that the ground anchor sysem specified is genenally not rated for
flooding or for high open foundations.

Sumud C°d= Ch-nze for uumonl At the end of icm mdd wmnmwm
EEMA 85 CARO App C Analysis
Pg.22 Ben 02 _s) FEMA 85 requires the bottom of the picr footing 10 extend

minimum of 30 in. below gmade. CABO only requires the footings W
extend a minimum of 12 in. below finished grade. Both require the
footing to extend below the from line.

b]‘ FEMA 85 requires built-up piers to be laid with type M or 5 mortar.
In addition to types M or §, CABOC permits Type N mortar. No
incomalibilil.iel
Recommendations:  Since the 30 inch nqummeu would be excessive for piers located in aress where scouring is not » probiem, two
mpante roquirements in FEMA 85 and CABO for minimum p:erdeptlu should be made depending on the flow conditions likely o be
encountesed.
Suggested Code Change for sddition]: In §C-602,1d3 to the last sentence . wind, {lood pressure, acouring, or emhqiuke forces.
FEMA 35 gm_m_c  Anlysis
Pg. 53 Posta and Piles o " CABO genenally covers Gmeessd conmruction methods. It does not
: cover ezldom-used systems such as poss or pile construction methods.
The requircments are compatible as long as it is undersiood that CABO
Appendix C is not applicable to ficod loads.
Rscommendation: Change CABO Appmd:xcmchn&mt uduunotcmderﬂoodlud;

Sugpested Code Change [0!‘ sddition]: In lC-SO!.ldd w0 the last sentence . . .m.wﬁr carthquake forces.
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FPermmonent Fy csndarions Guide
BUD Handbook 4830.3

FBda 114 |, © ' HUD 40303 sis
3.5 Extended foundalion walls 10%-2.C HUD 4330.3references FEMA 85 for mamufactured homes on clevated
: Standards foundations.
201-2.B HUD 49303 provides that homes built on slevated foundations must

comply with requirements of the NFIFP and to refer 10 FEMA 85 for
Manufasctured Home Insallation im Flood-Hazard Areas.

402 Chapter 4 in HUD 4930.3 makes. no provision for the application of
bydromatic, hydrodynamic, or impact loads.

Recommendation: Since provision is made for coastal wind forces in Sestion 402.30f HUD 48303, is advisable to inlude in HUD
4930.3either complele design provisions for flooding, or 1 potice that sdditional [atera], bydrostatic, hydrodynamic, and impact loads
need 1o be included for foundation walls subjected 1o flooding. :

Suggested Change for addition]: (1) Change §201-2.B.2to read: "Homes built on elevated foundations in communities that sre part
of the Nations! Flood Insurance Program (NFTP®) muw comgly with the NFIP.*

(b} Change 3402-3.Bto add item #3: If the site ix in o floodplain, hydroststiz. hvd
Refer 1o FEMA 8BS for guidsnce.

FEMA 114 HUD 4930.3 lysia
3,12 Technical design _ Agp. H1Z The Wind Speed Map, H-12, in HUD 4930.3comresponds with the 50
crileria — Extended Year mesn recurtence map in Figure CO-5b of FEMA 114.
wall foundations
' “App. Hi The Flood Map, H-1, in HUD 4930.3does not provide any provisions

for Bydrostatic, hydrodynamic, static [oads.

Recommendation: On the flood map in HUD 4930.3.it is necessary o include a notize 1o design for latera!, bydeostatic,
hydrodynamic, and impict loads for foundation walls subjected to flooding. Reference o FEMA 85 will suffice.

Suggesed Change [or addition]: Revise the Flood Map on Page H-1 to include the following:

tion wails mrhiezt 1o

EEMA 114 HUD 4930.3 Analysis
3.13 Technical design criteria — App. B The designs in HUD 4930.3are apparently to resit wind and gravity
Anchorage of superstructurs : loads oniy. No provision hes been made for buoysncy. The loads given

to foundation for ventical uplift in Teble B-2 of HUD 4530 3would be ample for
' approximaleiy 1.7°water depth sbove the lop of the foundation.

Recommendation: Iaclude a notice in Appendix B, Table Bl of HUD 4930 3that additional anchorsge muy be required in areas
wibject 0 flooding in order to resist hydrostatic, hydrodynamic, and impact loads.

Suggesied Change [or addition]: Provide a note ar the end of the first paragraph in Appendix B:

5E-3



FEMA 114 . . HUD 49303 siy

3.34  Technical dasign criteria — 203 HUD 4930.Zidentifics "unstable clays™as a pouible cause for
Open foundations © foundation ' instability, while the FEMA 114 favors clay soils for their .
--- _ . fesislance o KGOUTING. These pravisions are incompatible.

Recommendation: Furlher-‘r:mnhh_mdy- is recommended 10 reconcile the limits for foundations in clay soil. This sudy should be
undertsken in a collsborative cffort by HUD, FEMA, and the manifictured housing industry. -

EEMA 114 SRR D 49303 - Apalvsis
6.2 Considerations iz o1 ' “The provision in HUD 4830.3,"provide the best svailable routing of run-
o o off water to assure that buildings or other important facilities will not be

* endangered by the path of & major smergency flood run-off which would
occur if the siie. sorm drainage is excesded,” does not provide nolice _
that this might require the use of flood walls. FEMA. 114 discusses the
flctllulﬂoodwlndemudspendau u‘ponmetypeofnm
expecwd -

R:enmmndaum In HUD 4930 J,Secuon 301 1. mclude a umni that adequlu ﬂood wall; pm\rm one \vlyw lccnmpluh the .'
rerouting of mn-oﬂ‘ ‘m:r L

Suggestzd Change [ofuldmon] Add » senlence 10 lhe aui oflil)l l'

9.4 Permansnl proteciive measures Chaptet 7 - - -MumwmuﬂUDMﬂﬂﬁr‘Mpm -of utilities,
‘ : The overall emphasis of this publication is on sructural aspects. The
xope of Clu]mr ? (F'u:ll Checl:) is lunmd ia- fonndluon dengn

Recommendation: In HUD 4930.3.::&: to FEMA 85 furhom mullluwm in ﬂ.ood-pmu areas mordcr 10 pnmde pmcum of
unilities.

Suggesed Change [uraﬁdition}: Add a Section. TO04:

Pg- 48 Fiers . App. A FEMA BS prescribes deugm for piers, and cautions thal, due 10 the
' - : likelihood of scouring, pursyﬂ:mdmunubcmodmlmswheu

flooding velocity is anticipatéd. - Appendix ‘A of HUD 49303
recomsiends Foundation Type C2 [reinforced masonry of concreis piers]
for high wind and indicates that -éngineering design is not required. .
While the Fiood-Prone Sites exclusions provided in Section 201-2 might
be sufficient for some designers, it seccms prudens that it be repested in
the Appendices.

Recommendation: The design appendices in HUD 4930.3should repeat the references to the FEMA documents and caution ihat the
designs presented have not uken flood conditions into account.

Suggested Change [or addition}: Add a senience 10 Paragraph B, Page A-1: Note thnt of the ¢ dasigns takes flood loads
into_account. Refer wo FEMA 85 for design joads and procedures.
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MNarnufacsured Housing Instituze
Model ngsallation Manual [N FI-MNT

EEMASS MHIMDM usis

py- |7 Wind hazards ' 442 FEMA 25 and MHI-MIM arc not incompatible; FEMA& 85 reiterates the
5.4 same loteral and uplif design wind pressures ws the MHCSS, The
5.4.1 requirements of MEMIM are based on the design wind loads in the
542 MHCSS.

Please nolo, however, that Section 5.4in MHI-MIM simies that, *
installer should secure the home agsinst the wind wnless the focal
Juricdiction: permits otherwize.” (emphasis added)

It appesrs that FEMA BS requires the anchoring of bomes sgainst wind
toads undsr ull circumstances.

Recommendation: I:mnctmunﬂedthtlplm:wm:hsN'FIPﬁei.loch.umdwunn)wuuldnumquuethnuhmmth:
anchored aguingt wind loads. However, the compatibility of the documents would be enhanced by & revision 1o MHI Section, $.410
Male that anchorage of the unit aguinst wind forces is always required.

Sunmdmm@[wn&dm] Ch.luehn;ﬁph SAAﬂmn; Immhom Aftar hlochugmd m.-.hng,x.he m.luuer shouId

MCRE MH-MIM Apalysis
4.5 The MHI-M]M provides l Im of i m:potum reference documents. The
f Rexj Basements j oastal
Elood Envirors is not mcluﬂad in the Tist.

Recommendation: Change the "Lint of Important Documenta® in MHI-MIM 1o include Ma

the Construction of Resideniial.

Suuuwd Code Chmgc [m- sd.r.hum] Adld 10 the 'Lw. of lmpomm Decuments™ in MHI-MIM the following: Menoa! for the
c n Non 1 FOT.

ANSI A225.1-1987

Manufactured Home fnstallations [4225.1]

EEMA 85 AR5 Aplrshy

PE- 33 Design of slevaied Appeodix B FEMA 85and A225.1use the roof live ioads and wind Joxds from the
foundations - : B4 HUD MHCSS. A225.] state that areas where recurrent winds up: 1o 90

mdles per hour 25 paf) are experienced should use similatiy designed
mamuiastured homes.

Recommendation: ANSL A225.1should define the specific aress whare wind loads of higher magnitude than the 25 psf limit are
needed.

Snggend.Sundud Ctnnc[onddm] MWNITMWMMM hnameufellws Cunmltthe
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pp 47-48 Vertical suppont members Appendix B . FEMA 85 provides design charts for dsed loed, live load, snow joad, and
i * wind load calculations. The chars use snow and wind loads from the
HUD MHCSS. [Homes manufactiured since 1976 under the HUD -

Siandards are themselves certified to those londs] A225.1uses the same
live, enow, snd wind loads as FEMA 85,

Recommendation: Revise ANSI A225.1, Appendix B, 10 incorporaic ASCE-7 show and wind losd.

Suggested Suandard Changs [or sddition): Add a Pirgraph:

pg. 48 Piers - ' - Appendix € FEMA 85 prescribes designs for piers, and cautions that, ‘due Lo the
- ‘ . likelihood of scobring, pier sysiems should not be used in arcas where
flooding velocity is anticipated. Appendix € of A225.1 provides designa
for pier foundations and izsves no cautions concerning scouring. (Note
that aversil A225.1is not for homea sited in {Jood- prone aress.}

Recommendation: Appendix C of Az?_ﬁ 1 should feference the FEMA documents and caution that the dengnn presanted have not
taken flpod conditions into account. :

Suuom Stsndard Clungc [or sddition]: Add a pan;nph alhr the introductory paragreph to Appendix C, second column:

 Manufacrred Home Conseruction

and Sgfery Standards (MHCSS) _
" _3.12 Technical design | §3280305(c) - Section 3.120f FEMA 114 refors to Appendix C for design loads, which
- criteris — Fxtended wall : _ in turn refors to the three model building codes for determination of
foundations - ' . ' o wind loading charecieristica. The wind design dawe presented in

i appenduCunu necesaarily in agreement with the wind design criteria
in $3280.305()of the MHCSS. While §3280,305(c)X2){i) sates that

"~ HUD ey essblish more stringent requirements in sreas with 125 mph
and greater recorded wind veiosity, HUD has oot been known to
cmablish more sringent roquirements than those specified in
§3250.305(c)[23 psf luterul, 15 pof wplift].

Recommendation: Purtier mmh!audy is recommendsd 0 determine:  n) if the wind design criteria in MHCSS is adequste for

arcas of high wind velosity; and/cr b) if sionger recommeadations . nglluﬂun;mhlmmnmﬂoudpmnmsmmnmr Thia
Mywummuymmummmmm : _
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FEMA 114 MHCSS

3.13  Technical design §3280.305(c)
criteria — Anchorage of
siperructure to foundation

Analvgs

Section 1.13of FEMA 114 covers the imporuance of the floor diaphragm
in maintaining the sability of the foundaticr walls and cautions wgainm
using connections that pull out if the underside of the floor ix subjected
te upward hydrostatic forces. Hydromatic forces are not covered in the
HUD MHCSS. However. Zone II {hurricane) homes when designed in
accordance with §3280.305(c)are connecied to the steel frame - chassiz
00 a1 W sumsin 1S paf uplift. {Ceution, this is not sufficient for
hydrostatic pressures in sxcess of 3™ waler column.)

Resommendaticn: FEMA resexrch on the effects of hydrostatic pressure on manciactured homes hes resubied in the requirement 1o
elevate shove BFE. If HUD and the manufictured housing indusiry were o embark on o program to ¢! consiruction standards for
homes sited in flood prone areas, & method of cenification. similar to the wind zone map and label used in the presenx MHCS5 needs
o be devised to provide notice on the homes that identifies the Jood intensity for which the home i constructed.

EEMA 114 MHCS§
C.4 Wind loads 5328030542013
and (2}

Analyris

MHCSE specifies that the wind design forces for homes designated for
Zone 1, son-hurricans, shall be 15 paf lateral and 9 pof uplift, and the.
wind design forces for Zone T, hurricane, shall be 25 psf lateral and 1S
psf uplit. Tn FEMA 114, wind zones are delineated in wind velocities
(mph} ascording 1o the ANSI ASE.1 mup for SO-vear cecurrence. When
tppiying the formulas from AMS] ASB.1,the resulting wind pressures in
high wintl zones may exceed the MHCSS minimum pressures.

§3280.305¢:) 2)(0) sates that HUD may establish more stringsn
requirements than those specified in §3280.308()for sreas with 125
mph and greater wind velocities.

Recommendation: Further resesrch/study is recommended to determine: a) if the wind design criteria in MHCSS is adequate for
areas of high wind velocity; andfor b} if Rronger recommendations sgainst siting such homes in flood prone areas are in order. This
study ahould be undertaken by HUD and the masuficmred housing industry.
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Recommended Changes to the One and Two Family Dwelling Code

NFIP ' . OTFDC Analysis

603(c)(5) Flood Cpenings R-311 NFIP requires fully enclosed arsas below the lowest floor,
other thar basements, to be provided with flood openings
10 equalize hydrostatic flood forces. OTFDC does not
address floodplain management; however, it doss reguire
openings for crawl space ventilation.

Recommendation: OTFDC should address openings for fioodwater and equalize hydrostatic forces.

Suggested Code Change [or addition}:

‘ f that include fully enclosed areas formed bv foundation and other gxterior walls
below the base flood elevation shall be desipned to allow for the entrv and exit of floodwaters to sutomatically egqualize
hydrostatic flood forces on exterior walls. Designs. for meeting this requirement must either be certified by & professional
engineer or meet the following minimurm criteria: & minimum of two openings having a toral net area of no less than 1 sguzre

inch for every square foot of enclosed area subject to fioodine sha_ll be provided. The botrom of_a‘!-l! openings shall be no

higher than 1 ft above grade. Openings may be egu d with screens, louvers, vatves or other coverings or devices provided

they permit the automatic flow of foodwaters in both directions.
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FEMA 55 : OTFDC Analysis

4.1.2 Salt Air Moisture and R-308 . FEMA provides general discussion of the hazards of salt
Wind-Driven Rain : R-404.14.1 air, moisture, and wind-driven rain on wood, nails, and

(Pages 4-7, 4-8) ‘ connectors. OTFDC requires wood subject to decay
: : damage to be naturally durable or pressure treated but
does not address nails or connectors. OTFDC does
address corrosion protection of joint reinforcement,
anchor ties, and wire fabric for use in masonry wall
construction.

Recommendation: OTFDC should address corrosion protection.

FEMA 55 : OTFDC Analysis

4232 Steel R-403 FEMA 55 addresses the problem of corrosion of

{Page 4-11) N R-605 unprotected steel shapes and anchoring devices (nails,
‘ : R-705.1 bolts, ete.) and the need for regular inspection,

. maintenance, and replacement of corroded metal parts.
OTFDC requires the steel to comply with the
appropriate standards. OTFDC does not address
corrosion in coastal environment.

Recommendarion: OTFDC should address ¢corrosion protestion.
Suggested Code Change [or addition]:

R-4023 Construction: Exterior walls of wood-frame construction shall be in accordance with Figure Nos. R-4023a and R-
402.3b. Components of exterior walls shall be fasiened in accordance with Table No. R402.3a. Walls of wood frame
construction shall be designed and construcied in accordance with the NFoPA "National Design Specification for Wood
Construction,” listed in Section 5-26.402.

Exterior walls shall be effectively braced with let-m bracing, plywood in accordance with Table No. R-402.3b, particleboard
in accordance with Table No. R-402.3¢ or other approved materials. d

Exterior walls subject to wind pressures greater than 30 pounds per square foot, as established in Table No. R-201.2, shall
be designed in accordance with accepted engineering practice.

Metal plates, connectors, screws, bolts and nails exposed directly to the weather or subject to salt corrosion in coastal
areas shall be stainiess steel or hot-dipped galvanized, after the fasteper or eonnector is fabricated.

Suggested Code Change [or addition}:
SECTION R-GOS. - METAL

Steel and aluminum structural elements shall be constructed of materials and designed in accordance with the AISC
“Specification for the Design, Fabrication and Erection of Structural Steel for Buildings™ and AASAS30, respectively, listed
in Section 5-26.605. Steel elements may be hot-rolied or cold-formed structural steel. Members shall be straight and free
of any defects which would affect their performance.

Structural steel exposed directly to the weather or subject to salt corrgsion in coastal areas shall be hot-dipped salvanized
after fabrication. '
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Suppested Code Change [or addition]:

R-705.1 Stee! ciements: Steel structural elements in roof-ceiling construction may be either hot-rolied structural steel shapes
or members cold formed to shape from steel strip or plate or a fabricated combination thereof. Members shall be straight
and free of any defects which would significantty affect their structural performance. Steed structural members in roaf-ceifing
construction shall be designed in accordance with the AISC "Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings” listed in Section 5-26.705.

Structural stee] exposed directiy to the weathar or subject to salt corrosion in coasral areas shall be hot-dipped galvanized
after fabrication. :

5F-3



APPENDIX 1

PROJECT PARTICIPANTS

Project Committee

Chairman: G. Day Ding, California Polytechnic Institute
Vice-Chairman: Earl L. Fianagan, Housing & Urban Designs
Secretary: Brad Douglas, National Forest Products Association

Paul Armstrong, International Conference of Building Officials
Earl R. Bell, USDA Farmers Home Administration

Francis W. Biehl, Biehl Engineering, Inc.

Peter L. Bolzer, South Dakota Fire Marshal’'s Office

Richard Dixon, Florida Dept of Community Affairs

William W. Dunlop, Code Consultant

W. Robert Frost, State Fire Marshal’s Office

Hugh Jay Gershon, Hugh Jay Gershon, Architect, AlA

Henry L. Green, State of Michigan

Martin Jay Hanna, III, P.E., Hanna Fire Engineering Corp.
Paul K. Heilstedt, P.E., Building Officials & Code Administrators intl
Dorsey D. Jacobs, West Virginia University

Jerry W, Jones, Louisiana State Fire Marshail

-John H. Jones, CBO, CPCA, Code Consuitant

Timothy A. Keptner, Pennsylvania Dept. of Community Affairs
Alvin Kleinbeck, State of Minnesota

Richard P. Kuchnicki, Council of American Building Officials
W, Max Lucas, University of Kansas

Lance L. Luke, Lance L. Luke & Associates, Inc. _
Francis A. Mancini, National Committee on Property Insurance
Joseph J. Messersmith, Jr., Portland Cement Association

John J. Mulady, United Services Automobile Assoc.

James K. Murphy, P.E., Dewberry & Davis

Spencer M. Rogers, Jr., Sea Grant Marine Advisory Service
Jon S. Traw, Intemnational Conference of Building Officials
Frank Walter, P.E., Manufactured Housing Institute

Leonard G. Wehrman, National Foundation of Manufactured Home Owners
Joel P. Zingeser, ALA, Building Technology, Inc.
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. Submntractors

Paul Armstrong, International Conference of Building Officials

John Battles, Southern Building Code Congress International =

Gregory Cahanin, National Fire Protection Association
.Tom Frost, Building Officials and Code Administrators International, Inc.

Billy Manning, Southern Building Code Congress International

Kate McQueen, National Conference of States on Building Codes & Standards

'NIBS Pro;ect Staﬂ'

‘Philip Schne:der AlA, Dlrector of Technical Programs
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APPENDIX 2

ACRONYMS
AA ' Alum.i.nﬁm Association
ACl American Concrete Institute
AISC © American Institute of Steel Construction
ANSI American National Standards Institute
ASCE American Society of Civil Engineers
ASHRAE American Society of Heating, Refrigerating and Ajr-Conditioning Engineers
ASTM American Society for Testing and Materials
AWPA . American Wood-Preservers’ Association
BCMC Board for the Coordination of the Model dees.
BFE Base flood elevation
BOCA Building Officials and Code Admjnis&amm International
CABO Council of American Building fo_icials
CFR | Code of Federal Regulations
FEMA ' Federal Emergency Management Agency
HUD Department of Housing and Urban Development
HVAC | Heating, ventilating and air-conditioning
ICBO _ Internationai Conference of Building Officials
LP . uqﬁﬁed petroleum
LPG  Liquified petroleum gas(es)
| MCREB Manﬁal for the Construction of Residential Basements in Non-Coastal Environs
MHCSS Mﬁnhfacru:ed Housing Construction Safety Standards
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MHI 'Manufactured Housing Institute

MHIM Manufactured Housing Installation Manual

NCSBCS Nationa! Conference of States on Building Codes and Stannards
NFIP National Flood Insurance Program | |

NFPA ' National Fire Protection Association

NFoPA | National Forest Products Association

OTFDC : ‘One and Two Fanlily Dwelling Code

SBC Standard Building Code

SBCCI Southem Building Code Congress Intermational

SFM  Standard for Floodplain Management |

sec StandadGasCode

SMACNA : Sheet Mctal & Air Conditioning Cnnn'actors National Association
SMC ' Standard Mechanical Code -
SPC Standard Plumbing Code

UBC _ Uniform Building Code
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APPENDIX 3

SUMMARIES OF NFIP FLOOD RESISTANT DESIGN STANDARDS
AND TECHNICAL GUIDANCE DOCUMENTS

National Flood Insurance Program Regulations for Floodplain Management and Flood Hazard
Identification (44 CFR 59.1, 603 & 60.6) '

These three sections of the Federal regulations that govern the NFIP contain general flood resistant
design standards (60.3), flood resistant design standards for basements (6(.6), and associated
definitions {59.1). These are the regulations that a community must adopt and enforce in order to
participate in the NFIP. '

Coastal Construction Manual (FEMA-55)

This document is applicable to new residential structures, principally detached single-family, anached
single family (townhouses), low-rise (three story or less) multi family houses and similar sized non-~
residential structures in coastal areas of the United States. The manual is based on evaluation of A
existing beach houses, current construction practices along U.S. coastlines and various building codes
applicable to construction, The document primarily addresses design of wood-frame structures for
flood and wind resistance, and is meant to serve as a parallel to model building codes. The
information presented is based upon values of forces and properties of materials taken from standard
engineering references and conventional building codes. Generally, conservative approaches and
values have been used to provide conformance with most applicable national building codes. A
limited range of sizes and configurations for single-family residences has been assumed for purposes
of establishing design criteria and tables. A sample building code is provided for local jurisdictions
that wish to develop a coastal construction code to supplement their governing building code.

Elevated Residential Structures (FEMA-54)

This manual is limited to the special design issues confronted in elevated construction. Readers are
assumed to have knowledge of conventional residential construction practice. ‘The techniques
described for the design and construction of elevated residential structures is based on accepted
building practices. Generally, a conservative approach has been taken to ensure compliance with
building codes most widely used in the United States. This documént also contains a set of
performance criteria applicable to all structural materials and construction methods used in flood
hazard areas, Traditional or conventional solutions, as well as innovative techniques, are accepiable so
long as the performance requirements and criteria are satisfied.
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Retrofitting nood;Prune Residential Structures (FEMA-114)

'Rus manual describes the application of permanent retmﬁtung measures particularly elevation,
floodwalls and ciosures that can be implemented in a residential structure to reduce flood damage
Elevation techniques described in the manual are not addressed in.the model codes and,standards,
however, the a]tered stmcture 1s treated by the codes as a new structure.

Floodproot‘ng Non-Resndentxal Struclurs {FEMA 102)

This document nllustmes a broad range of floodproofing techniques that can be used to reduce flood
daniage to existing or proposed non-residential (industrial, commercial and institutional) structures in
riverine flooding and flooding in no-wave velocity coastal areas. - These structures range from wood-
frame to muld-story concrete and steel structures. Much of the information regarding design criteria,
the properties of materials, the values of flood water design forces, and other considerations have beén
adopted from standard éngineering references, building codes, and other documents. This manual is
intended 1o serve as a general technical guide on the selection of alternative floodproofing techniques.
Actuai design and construction should involve the services of a registered professional engineer,
architect or experienced contractor. An appendix provides ﬂoodprooﬁng performance cmena for the
design and evaluauon of ﬂoodpmoﬁng measures.

Manufactured Home Installatmnm Flood Hazard Areas (FEMA-85)

This document primarily addresses techniques for elevating manufactured homes above anticipated:
flood levels. Chapter 1 states that siting and installation requuements for manufactured homes are
generally a state or local regulatory responsibility and are not within the scope of the Manufactured
Housing Construction Safety Standards (MHCSS). However, the MHCSS require the installation
procedures be incorporated in the owner’s manual supplied with each new manufactured home. -
Installation procedures in both the owner's manual and ANSI A225.1-82 are not considered adequate
in cases where flood forces are annclpated (This statement needs to be tested for ANSI A225.1-87)

Alluvial Fans: Hazards and Management (FENL& 165)

This document contains very general guidelines for hmldmg in flood-prone areas on alluvial fans
which are found in arid western regions. With the exception of provisions for window and door
locations. these guidelines are covered in greater detail in the other FEMA publications.

' Des:gn Gmdelmes fnr Flood Damage Reduction (FEMA-IS)

This document describes an overview of the flood regulatory program and site cons:deranons As it
doses not address desxgn and construction, it will not utilized as a source of technical guidelines for this
project. _ .

Manual for the Construcl.ion of _Residential Basements in Non-Coastal Flood Environs

This manual prowcles practical guidance and specific design options to assist in meeting - the
requirements of the NFIP for floodproofed residential basements. It is intended also as 2 tool. for those
called upon to certify that floodproofed residential basements meet the standards of the program. The
manual presents two basic: systems for waterprooﬁng re31dennal basements One system envisions the
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use of conventional wall and slab surface treatments along with a total drain, sump, and pump
operation 10 keep water away from basement walls. The other system envisions the use of a more
water-tight wall and slab surface treatment without a sump or pump A "puilder’s guide” is also
mc]iudcd for use by contractors. _

Techmcal Standards Bulletm' Wet Fioudpmuf ing, No, 85-1

'Ihxs -document provides basic information concerning the application of wet floodproofing (intentional
internal flooding) techniques to new and existing non-residential construction. Sections of the bulletin
also address operational procedures to reduce vulnerability to damage. Guidance presented is the
resuit of a review of state of the art and actual field experience with such technigues.

Technical Standards Bulletin: Foundation Wall Openings, No. 852

This document addresses the structural requirements of a building’s foundation system that may be
subject to flood forces by piacing a number of permanent openings in the foundation wall. The
guidelines are applicable to solid load bearing walls which elevate the building or any type of
enclosure constructed around the foundation.

Technical Standards Bulletin: Breakaway Walls, No, 85-3

This document addresses the design of breakaway walls defined as walls which are not part of the
structural support of the building and are intended to collapse under specific lateral loads with causing
damage 1o the building. Breakaway wall designs are based on the premise of connection failures.
Breakaway walls may be used 0 enclose spaces below the flood elevation meant for parlung of
vehicles, building access and storage. |

Technical Standards Bulletin: Hurricane Damage Patterns:
A Focus on Pile Foundations, No. 86-1

This document represents an introductory approach to pile design and repeats information more
thoroughly described in other publications. Thus, it will not be uuhzed for comparisons with codes
and standards documents.

Technical Standards Bulletin: Wind Design
Standards and the NFIP, No. 88-1

This document describes the application of ANSI A58.1 which describes wind loads and speeds. The
d.ocumcm states that all three model building codes have adopted some version uf this sta.nda:d

Technical Standards Bulletm' Flood Resistant Materials, No. §8-2

This document pmw.rides data guidance on what constitutes materials resistant to flood damage and
how they should be used to improve a structure's ability to withstand flooding. The most common use
of this requirement is with regard to construction below a structhura’s lowest habitable floor which is
required to be elevated abgve the base flood elevation, and with applications of wet floodproofing.
This requirement means that all construction bélow the lowest floor, which can be used for parking,
building access and limited storage must consist of flood resistani materials in order to withstand
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inundation by ﬂoc‘d waters

Technical Standards Bulietin: Free of Obstruchon Requirement
in Coastal High Hazard Areas, No 88-3-

This document prowdes gmdance on the NF[P reqmremem 10 keep the space below the lowest floor
free of obstruction.

- Technical Staudards Bullenn Protectlon of Elevator Equlpment
in Flood Hazard Areas, No. 88-4

This document prowdes an explanation of elevators. theu' related eqmpment and pmcuca] methods of
. protecting them from flood damage

Techmcal Standards Bulletin: NFIP Plle or Column _
Requirement in Coastal Hngh_Hmrd Areas, No. 90-1

This document represents an introductory- approach to pile deSign and repeats information more
thoroughly clcscnbed in other pubhcauons Thus, it will not. be utilized in for comparisons with codes
_ and s:andards documents,

Techmcal Standards Bnlletm. NFIP Reqmrements for Below Grade
Parking Garages in Flood Hazard Areas, No 90-2

This document provides technical gmdance on the design of below gmde parking garages in ﬂocd
hazard areas. A below grade parking garage is an enclosed area below a building used for parking.
The floor of the enclosed area ls_subgradt_: or below ground on all sides.

Technical Standards Bulletin: Non-Residential Floodpraofing
Certification Requirements of the National Flood Insurance
Program, No. 90-3 '

~This document details the dcsign and conSﬁucuon considerations ncu:ssary 10 compiy with the
floodproofing certification requirements of the NFIP for non-residential structures. It also describes
‘ operauon and maintenance ptoeedurcs for floodproofing. :

Techmcal Standards Bulletin: Installatmn of Manufactn_red. '
Homes in Special Flood Hazard. Areas, No. 90-4

This document pmvxdes the apphcanon of floodplain managemcnt rcgulauons affecung the mstallauon

of manufactured homes and general technical guidance in oonstrucnng elevated manufactured home
foundauons
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APPENDIX 4

SUMMRIES OF MDDEL CODES AND STANDARDS

BOCA National Building Code (1999)

~ This code controls all matters concerning the construction, alteration, addition, repair, removal,
demeolition, use, location, occupancy and maintenance of all buildings and structures. For this study
the code addresses administration and enforcement {Chapter 1}, height and area (Chapter 5), anchorage
(Chapter 6), insulating materials (Chapter 9), structural considerations (Chapter 11), foundations
(Chapter 12), construction materials (Chapters 14, 15, 17, 18 & 19), exterior walls (Chapter 21}, glass
{Chapter 22), and roofs (Chapter 23). Fire safety is covered in primarily in Chapters 5 and 9. Wind
and seismic requirements are covered in Chapter L1.

BOCA National Fire Prevention Code (1930}

This code applies to the hazards of fire and explosion arising from the storage, handling or use of
substances, materials or devices and from conditions hazardous to life, property, or public welfare in
the use or occupancy of buildings structures and sheds. For this study the code addresses
floodproofing of underground storage tanks (Chapter 28). Seismic considerations are not explicitly
addressed in this chapter. _

- BOCA National Mechaniml_Code (1_99@} -

This code applies to the design, installation, maintenance, alteration and inspection of mechanical
systems, inciuding, heating, ventilating, cooling, and steam and hot water heating systems, water
heaters, process piping, and other sysiems. For this study the code addresses plenums and ducts
{Chapters 3 and 5), hazardous and outdoor locations of mechanical equipment {Chapter 4), and
floodproofing of water, gas and other fluid piping (Chapters 7, 8 & 9). Fire, wind and seismic
considerations are not explicitly addressed in these chapters.

BOCA National Piumbing Code (1990)

This code applies to the design and instaliation of plumbing systems, including sanitary and storm
drainage, sanitary facilities, water supplies, and storm water and sewage disposal in buildings. For this
study this code addresses the floodproofing provisions for piping (Chapter 3), connections (Chapter 3),
drainage piping (Chapter 6), manholes (Chapter 11), and water service (Chapter 15 and 16). Fire, '
wind and seismic considerations are not explicitly addressed in these chapters.

BOCA National Property Maintenance Code (1990)

This code applies to existing structures, residential and nonresidential, and on all existing premises by
establishing minimum requirements and standards for premises, structures, buildings, eguipment, and
facilities for light, ventilation, space, heating, sanitation, protection from the elements, life safety,
safety from fire and other hazards and for safe and sanitary maintenance. For this study the code
addresses the exterior structure (Article 3) and mechanical equipment (Amicle 6). Fire, wmd and
seismic considerations are not explicitly addressed i in these chapters. '
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Standard Building Code (1991)

This code applies to the construction, alteration, repair, eqmpmem, use, occupancy, location,
maintenance, removal and demolition, of every building or structure or any appurtenances connected
or attached to such buildings or structures. For this study the code addresses parking (Chapter 4),
standby power and accessibility (Chapter 5 and Appendix I), unusable space and open parking
structures (Chapter 6), chutes and tanks (Chapter 7), chimneys, plumbing and plenums (Chapter 8),
egress and exits (Chaptcr 1), structural requirements (Chapter 12), foundations (Chapter 13), masonry
construction (Chapter 14), wood construction (Chapter 17), one and two family dwellings (Appendix
C), and manufactured homes (Appendix H). Fire safety is covered in pnmanly in Chapters 6, 7, 8 and
11. Wind, snow and seismic requirements are covered in Chapter 12.

Standard for Flbodplain Management (1989)

This code provides criteria to meet the minimum, floodplain construction requirements as reqmred by
the National Flood Insurance Program. Fu'e. wmd. snow and senstmc consxderauons are not explicitly
addressed in this document.

Standard Mechanical Code_ (1991)

This code provides minimum requirements for mechanical installations, including alteration, repair, -
replacements, equipment, appliances, fixtures, fittings and appurtenances. For this study the code
addresses under floor installations (Chapter 3), condenser and compressor units (Chapter 4), duct
systems (Chapter 5), and piping (Chapter 6) Fire wind, snow and sels:mc considerations are not
explicitly addressed in these chapters.

Standard Gas Code (1991)

This code provxdes minimum reqmrements for installation of gas plpmg and apphances For this study
the code addresses meter location and piping (Chapter 3), air for combustion and ventilation’ (Chapter '
4), furnaces (Chapter 5), and butane and propane piping (Chapter 9). Although fire sa.fety
requirements are not explicitly stated, one of the purposes of the gas code is to prevent fires,
particularly explosions. Wind, snow and seismic considerations are not explicitly addressed i in these

chapters.
Standard Plumbing Code (1991)

This code prov:des minimum reqmrements for plumbing installations, including alteration, fepair,
replacements, eqmpmcnt, appliances, fixtures, fittings and appurtenances. For this study the code
addresses protection of pipes and sewage systems (Chapter 4 and Appendix E), traps and cleanouts
(Chapter 7), hangers and supports (Chapter 10), water supply (Chapter 12), drainage systems (Chapter
13), and storm drains (Chapter 15). Fire, wind, snow and seismic considerations are not explicitly
addressed in these chapters.
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Uniform Building Cude_ {(1991)

This code regulates and controls the design, construction, installation, quality of materials, use and "
occupancy, location, and maintenance of all buildings and structures. For this study, the code
addresses definitions [Chapter 4), general requirements for all occupancies (Chapter 5), geneml design
requirements of construction materials (Chapter 23), specific requirements for materials (Chaptérs 24
throngh 28), foundations {Chapter 29, accessibility (Chapter 31), exits (Chapter 33), wall and ceiling
coverings (Chapter 47}, and excavations and grading (Chapter 70). Fire safety is primarily addressed
in Chapters 5, 31 and 33, while wind and seismic requirements are addressed in Chapter 23 and its
appendices.

Uniform Mechanical Code (1991)

This code regulates and controls the design, construction, installation, quality of materials, location, -
operation and maintenance or use of heating, ventilating , cooling, rcfugmuon systems, incinerators and
other miscellaneous heat producing appliances. For this study, the code addresses heating, ventilating and
cooling equipment in general (Chapter 5), and refrigeration equipment (Chapter 15). Fire, wind and
seismic considerations are not explicifly addressed in these chapters.

Uniform Plumbing Code (1991)

This code applies to the erection, installation, alteration, repair, relocation, replacement, addition to, and
use of maintenance of plumbing systems. For this study the code addresses drainage systems described in
Chapter 4. Fire, wind and seismic considerations are not explicitly addressed in this chapter.

NFPA 101 - 1991 Life Safety Code

This code establishes the minimum requirements that will provide a reasonable degree of safety from fires
in buildings. For this study the code addresses means of egress {Chapter 5, construction and '
compartmentalization and special hazards (Chapter 6), elevators and chutes (Chapter 7), special structures
and high-rise buildings (Chapter 30), and operation and maintenance (Chapter 31). Applicable code
provisions for each new occupancy listed in the document (Chapters 8 throigh 29) are also part of the

. study. Wind and seismic considerations are not explicitly addressed in these chapters.

NFPA 70 - 1990 National Electrical Code

This code addresses the practical safeguarding of persons and property from hazards arising from the use
of electricity. The code covers installations of electric conductors and equipment within or on buildings

- and manufactured homes. For this study the code addresses electrical service (Chapter 2}, wiring
{Chapter 3), lighting, motors, and transformers (Chapter 4), and emergency systems (Chapter 7). Fire,
wind and seismic standards are not explicitly referenced, however, one of the purposes of the elecmeaﬂ
code is the prcvenuon of electrical fires. :

NFPA 54 - 1988 Nati‘unal Fuel Gas Code
For this study, this code offers general criteria for the installation of gas piping (Part 3) and gas

equipment (Part 6). Although fire safety requirements are not explicitly stated, one of the purposes of the
gas code is to prevent fires, particutarly explosions. No specific wind or seismic standards are addressed.
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NFPA 58 - 1989 Standard for the Storage and Iiandling of Liguified Petroleum Gases _

This standard applies to liquified petroleum gas(es) also known as "LP-pas” and "LPG." The gases are
composed predommately of propane propylene, butane and butylene by themselves or as mixtures. For
this study the standard applies to the design and construction (Chapter 2), installation (Chapter 3) and
operation {Chapters 2 and’3) of all LP-gas systems excluding narural gas processing plants, frozen ground

containers, utility gas plants, chemical plants, and LP-gas used with oxygen of covered by other
standards. Chapter 7 addresses buildings or structures housing LP-gas distribution facilities. Fire safety
requirements are listed for certain kinds of operations and for the structures described in Chapter 7. No
specific wind or seismic standards are addressed. '

ANSI A225.1-1987 Manufactured Home Installations

This standard covers the mstallanon of manufactured homes on site and references fire safety
requirements for the mstallatmn of manufactured homes. For this. study, alt chapters and selected
appendices. will be unhz.ed. -Chapter 1. describes the scope and intent of the document; Chapter 2
describes mstal!anon standa:ds Chaptets 3 and 4 reference installation of plumbing systems and
mechanical eqmpment, respectively. In Chapter 7, NFPA 501A is referenced for fire safety
requirements, and in Chapter 6, NFPA 70 is referenced for electrical systems. A wind zone map in
Appendix B provides horizontal and uplift loads 1o be used in detenmmng anchoring requirements.
No seismic standards are referenced.

Manufactured Home Construction and Safety Standards, Part 3280

This standard covers all equipment and installations in the design, construction, fire safety, plumbing,
heat producing and electrical systems of manufactured homes. For this sudy sections have been '
referenced on materials (304), structural design (305), windows (403), egress windows (404), heating,
cooling and fuel burning systems (Part H), and electrical systems (Part I). Interpretative bulletins are
also part of the study. Fire safety requircments addressing egress are found in section 404. Sections
305 and 306 provide standards for anchoring and windstorm protection. Subsection 305 provides the
same wind zone map found in ANSI A225.1-1987. No seismic standards are referenced.

Permanent Foundations Guide for Manufactured Housing, 49303

This handbook provides guidelines on the design of foundations for manufactured homes. - For this
study sections have been referenced on flood-prone sites (Chapter 2), fill (Chapter 3), design loads
(Chapter 4), and foundation design (Chapiers 5 and 6). Appendices describes foundation design in
more detail. Chapter 4 addresses wind and seismic considerations.

Model Manufactured Home Installation Manual

This manual contains detailed installation instructions, including specifications and procedures for
erection and hookup of a manufactured home. For this study chapters have been referenced on
foundations (Chapter 4), anchoring (Chapter 5), comfort cooling systems (Chapter 7) connections for
water supply, drainage systems, gas supply, and electrical systems (Chapter 8), and oil tank
installations (Chapter 8). Chapters 4 and 5 also provides gmdehnes for windstorm and flood
protection. _
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NFPA 501A - 1987 Standard for Firesafety Criteria for Mn;nufacture I-Inme Installations, Sim
and Communities

This standard covers firesafety requirements for the installation of manufactured homes ang
manufactured homesites including accessory buildings, structures and communities. For this study
sections have been referenced on gas supply connections and oil tank installations (Chapter 2), and life
and firesafety (Chapter 4). In Chapter 3, NFPA 70 is referenced for elecincal sysn:ems No seismic )
standards are referenced.

CABQ One and Two Family Dwelhng Code (1989} with
1990/1991 Amendments

The provisions of this code apply to the construction, prefabrication, alteration, repair, use, occupancy
and maintenance of detached one- or two-family dwellings and one-family townhouses not more than
three stories in height and their accessory structures. For this study the code addresses building
planning (Chapter 2), foundations (Chapter 3), wall construction (Chapter 4), exterior wall coverings
{Chapter 5), floor framing (Chapter 6), masonry chimneys (Chapter 9), mechanical systems {Chapters
11 through 17 & 19), and plumbing systems (Chapters 20, 22, 24 & 25). Seismic requirements are
covered in Appendix A; wind requirements in Appendix B. Manufactured housing is addressed in
Appendix C. Fire safety requirements are implicit in all chapters.
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